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Zusammenfassung 
 
Hintergrund: Obwohl bekannt ist, dass Fasten einen positiven Einfluss auf verschiedene 

Stoffwechselparameter hat, mangelt es an Informationen über die Auswirkungen von 

längerem intermittierendem Fasten auf Personen mit Diabetes mellitus Typ 1 (T1D). 

Besonders der Glukosemetabolismus und die hormonelle Regulation nach dem 

Fastenbrechen bedürfen gesonderter Aufmerksamkeit, da dies einen kritischen Zeitpunkt in 

Bezug auf Dysglykämie darstellt. Daher haben wir die erste Kohlenhydrataufnahme nach 

gewöhnlichem nächtlichem Fasten und nach verlängertem Fasten bei Menschen mit T1D 

verglichen.  

 

Methoden: In dieser monozentrischen, offenen und Cross-over kontrollierten Studie 

wurden Erwachsene mit T1D und folgenden Eigenschaften inkludiert: negatives C-Peptid, 

mehrfache tägliche Injektionen (MDI) oder kontinuierliche subkutane Insulininfusion 

(CSII), HbA1c <9,5%, T1D Diagnose vor >12 Monaten, stabile Insulintherapie und 

Verwendung eines kontinuierlichen Glukoseüberwachungssystems (CGM). Die 

Teilnehmer*innen fasteten zunächst 12 Stunden und dann 36 Stunden lang, bevor nach 

jedem Fasten ein oraler Glukosetoleranztest (OGTT) mit 75g Kohlenhydraten durchgeführt 

wurde. Bei beiden Malen wurde die gleiche Menge Bolusinsulin verabreicht. Blutproben 

wurden vor der Kohlenhydrataufnahme und 15min, 30min, 60min, 120min und 240min 

danach entnommen. Gemessen wurden Plasmaglukose, C-Peptid, Glukagon, Cortisol und 

exogen verabreichtes Insulin. Zusätzliche Laboruntersuchungen, eine Ruhe-Spirometrie 

und eine bioelektrische Impedanzanalyse wurden ebenfalls durchgeführt. Die Daten 

wurden mittels gepaarten t-Tests und Mixed-Model-Regression verglichen (p ≤ 0,05). 

 

Ergebnisse: Zwanzig Personen mit T1D (7 Frauen) mit einem mittleren Alter von 35±11 

Jahren (Arithmetisches Mittel ± Standardabweichung), einem Body-Mass-Index (BMI) 

von 24,8±2,8 kg/m2, einem HbA1c-Wert von 7,1±0,6%, einer Diabetesdauer von 20±11 

Jahren und einer täglichen Gesamtdosis (TDD) von 40±14 IE Insulin nahmen an dieser 

Studie teil. Elf Teilnehmer*innen verwendeten eine MDI-Therapie, während 9 

Teilnehmer*innen mit CSII behandelt wurden. Primär waren der mittlere 

Plasmaglukosewert nach 120 Minuten des OGTTs (308 ± 91 mg/dL vs. 313 ± 71 mg/dL; p 

= 0,73) und die „Area under the Curve“ der Plasmaglukosespiegel während der ersten 120 

Minuten des OGTT (31823 ± 8557 vs. 29957 ± 5826; p = 0,21) nach 12h und 36h Fasten 
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vergleichbar. Sekundär waren die Plasmaglukoseverläufe (p = 0,68) und die entsprechende 

Änderungsrate (p = 0,44) beim 12-stündigen und 36-stündigen Fasten ähnlich. Im 

Vergleich zum Ausgangswert zeigte sich das Körpergewicht nach verlängertem Fasten 

signifikant niedriger (76,7 ± 13,5 kg vs. 75,4 ± 13,4 kg; p = 0,0002). Während des 

verlängerten Fastens hatten Teilnehmer*innen mit einer täglichen Gesamtbasaldosis 

(TDBD) von über 0,25 IE Insulin pro kg Körpergewicht signifikant mehr Hypoglykämien 

als die Vergleichsgruppe mit ≤ 0.25 IE/kg KG (1.3 ± 0.9 vs. 2.5 ± 0.9 Hypoglykämien; p = 

0.009). 

 

Schlussfolgerung: Einmaliges verlängertes Fasten führte bei den teilnehmenden Personen 

mit T1D zur gewünschten Gewichtsabnahme. Plasmaglukoseverläufe und (Dys-)Glykämie 

nach der ersten hohen Kohlenhydrataufnahme zeigten keine statistischen Unterschiede 

nach 36-stündigem Fasten im Vergleich zu 12-stündigem Fasten. Daher sind Anpassungen 

der Bolusinsulin-Dosis nach längerem Fasten nicht zwingend erforderlich. Vielmehr sollte 

bei Menschen mit T1D die tägliche Gesamtbasaldosis evaluiert werden, bevor sie 

verlängert Fasten.  
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Abstract 
Background: Although fasting has been shown to improve several metabolic parameters, 

there is little information about the effects of prolonged intermittent fasting on individuals 

with type 1 diabetes mellitus (T1D). Especially glucose metabolism and hormonal 

regulation after breaking the prolonged fast need particular attention as this presents a 

critical moment. Therefore, we compared the first carbohydrate intake after overnight 

fasting and after prolonged fasting in people with T1D. 

 

Methods: In this monocentric, open-label and cross-over controlled trial, adults with T1D, 

negative C-peptide, treated with multiple daily injections (MDI) or continuous 

subcutaneous insulin infusion (CSII), HbA1c <9.5%, diagnosis >12 months ago, stable 

insulin therapy, and using a form of continuous glucose monitoring system (CGM) were 

included. Participants first fasted for 12 hours and then for 36 hours before undergoing an 

75gr oral glucose tolerance Test (OGTT) after every fast. Same amount of bolus insulin 

was administered at both trial visits. Blood samples were taken before carbohydrate intake 

and 15min, 30min, 60min, 120min and 240min afterwards. Plasma glucose, C-peptide, 

glucagon, cortisol, and exogenous insulin levels were measured. Additional laboratory 

measurements, resting spirometry and bioelectric impedance analysis were also performed. 

Data were compared via paired t-tests and mixed-model regressions (p ≤ 0.05). 

 

Results: Twenty individuals with T1D (7 females) with a mean ± SD age of 35±11 years, 

body mass index (BMI) 24.8±2.8 kg/m2, HbA1c 7.1±0.6% (54±7 mmol/mol), diabetes 

duration of 20±11 years, and total daily dose (TDD) of 40±14 IU insulin finished the trial. 

Eleven participants used MDI therapy, while 9 participants were treated with CSII. 

Primarily, mean glucose at the 120th minute of OGTT (308 ± 91 mg/dL vs. 313 ± 71 

mg/dL; p = 0.73), and area under the curve of plasma glucose levels during the first 120 

minutes of OGTT (31823 ± 8557 vs. 29957 ± 5826; p = 0.21) were comparable after 12h 

and 36h fasting. Secondarily, plasma glucose courses (p = 0.68) and corresponding rate of 

change (p = 0.44) were also similar in both trial arms. Compared to baseline, bodyweight 

was significantly lower after prolonged fasting (76.7 ± 13.5 kg vs. 75.4 ± 13.4 kg; p = 

0.0002). During prolonged fasting, participants with a total daily basal dose (TDBD) 

greater than 0.25 IU insulin per kg body weight had significantly more hypoglycaemic 

events than the comparison group with ≤ 0.25 IU/kg (1.3 ± 0.9 vs. 2.5 ± 0.9 events; p = 

0.009). 
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Conclusion: Single prolonged fasting led to desired weight loss in people with T1D 

participating in this study. Plasma glucose courses and (dys-)glycaemia after the first high 

carbohydrate intake presented no statistical differences after 36h fasting compared to 12h 

fasting. Therefore, adjustments in bolus insulin application are not needed after prolonged 

fasting. Instead, TDBD should be evaluated before people with T1D start prolonged fasting 

periods.
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1 Introduction 
 

Diabetes mellitus is a heterogeneous group of metabolic disorders resulting in chronic 

hyperglycaemia. Literally, “diabetes mellitus” means “honey-sweet flow” which is 

describing the glycosuria and the polyuria diabetics have induced by hyperglycaemia. 

These disorders are mainly classified by aetiology forming different entities: over 90% of 

the individuals with diabetes have type 2 diabetes (T2D), while about 5% have type 1 

diabetes (T1D). (1–3) 

While research is investigating the pathophysiology of diabetes and current technology 

improves glucose management, people with diabetes still see themselves confronted with 

daily life problems, such as nutrition, glucose monitoring, physical activity/exercise, blood 

glucose fluctuations and worries about acute or chronic complications (4). All these factors 

are even more predominant when individuals with diabetes tend to fast. Given the fact, that 

fasting has beneficial effects on various metabolic and health-related markers, one might 

assume that especially people with T1D could profit from caloric restriction. On the other 

hand, T1D presents a high potency for dysglycaemia during fasting periods. Some 

researchers, therefore, consider people with T1D in a very high-risk group and recommend 

health-care providers to prevent prolonged fasting (5). However, the International Society 

for Paediatric and Adolescent Diabetes (ISPAD) published a guideline for fasting during 

Ramadan, which supports children and adolescents with T1D during the fasting period (6). 

Similarly, The Lancet published commentaries rethinking strict hypoglycaemia risk 

classification in this population (7). Nevertheless, both state that further research is 

required in this field.  

Especially during Ramadan, the holy month where Muslims practice intermittent daily 

fasting for one month, the fasting capability of people with diabetes is often researched. 

Most of these studies analyse the compliance of the individuals, the capability to fast, the 

glycaemic complications and/or the benefits of pre-Ramadan diabetes education. However, 

none of these focuses on the effects of fasting on glucose metabolism and hormonal 

regulation in people with T1D during the fast and after first high-caloric intake. Facing the 

fact, that glycogen storages are depleted during prolonged fasting, we hypothesize that 

insulin sensitivity might increase. Eventually, this could result in hypoglycaemia when 

breaking the fast, if bolus insulin dose is not reduced adequately. Therefore, the aim of this 

study was to gain more knowledge about the glycaemic and hormonal processes in people 

with T1D during and after a prolonged fast by performing an Oral Glucose Tolerance Test. 
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1.1 Diabetes  

1.1.1 Epidemiology of T1D 

1.1.1.1 Global and regional prevalence and incidence 

Several studies in the past affirmed an increase of incidence and prevalence of diabetes in 

general (8,9). However, because of the fact, that about 90% of people with diabetes have 

T2D and only about 5% have T1D, it is important to differ between these types (1,10). 

Otherwise the observed data will be more representative about T2D, which has different 

aetiology, therapy and outcomes than T1D. 

In 2019, the International Diabetes Federation published the ninth edition of the Diabetes 

Atlas presenting the global and regional development on this topic. It is estimated that T1D 

is prevalent in 1.1 million of globally 2.58 billion children and adolescents up to 19 years. 

About 27% of them live in Europe (including Russia) and 20% of them in North America 

(including the Caribbean). (9) 

Incidence rates from the same age group are rising about 3% annually. Currently 128.900 

children and adolescents are diagnosed with T1D worldwide and every year. Among all the 

regions analysed Europe has the highest incidence rates of T1D with 31.100 new cases per 

year. In terms of incidence, especially northern countries like Sweden, Finland and 

Norway are in the top five worldwide. (9,11,12)  

Unfortunately, individuals with T1D older than 19 years are not mentioned in IDF’s 

Diabetes Atlas. For this purpose, Bullard et al. performed an interview survey in 2016 to 

estimate the prevalence by type in U.S. adults. T1D had an estimated prevalence of 0.55% 

resulting in 1.3 million U.S. adults ≥ 18 years (10). Back then the 8th edition of the IDF 

Diabetes Atlas stated that 169.860 U.S. children and adolescents up to 19 years had T1D 

(13). This comparison shows the big gap of missing prevalence of T1D in most of the 

presented epidemiologic data. 

1.1.1.2 Austria 

Due to a lack of a national diabetes register, the prevalence of T1D in Austria can only be 

estimated by using the IDF Diabetes Atlas and the Austrian diabetes incidence register. 

Between 1989 and 2017 a total of 4356 (94.2%) children < 15years got diagnosed with 

T1D, while only 83 (1.8%) got diagnosed with T2D and 185 (4%) had different specific 

types of diabetes. This is an example of the predominance of T1D in young ages. (14,15) 

Until 2017 the incidence rates of T1D increased annually about 4% except in the group of 

0 to 4-year-old children, where the incidence rates even decreased from 2007 onwards.   
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Compared with other age groups the highest number of T1D diagnosis is in the group of 10 

to 14-year-olds as seen in Fig.1. (15) 

 

Figure 1 T1D incidence trends in different age groups (0-4, 5-9,10-14 years, total cohort) for the time 

period from 1989 to 2017 (15) 

1.1.2 Aetiology of T1D 

In the last century, intensive research has been performed to determine reasons for this 

autoimmune mediated disease. What seemed to be an idiopathic autoimmune disorder 

without specific reasons, turns up as a complex interaction between genetic and 

environmental factors.  

For analysing the genetic factors migration studies have been performed, confirming the 

predominant role of genome in developing T1D (16). Most important are the HLA DR3 

and/or DR4 genes on the chromosome 6, which are positive in over 90% of people with 

T1D (1,17). Nevertheless, the predominance of genome in T1D does not equal in a 

hereditary predominance in the aetiology. Study designs with monozygotic twins suggest 

that only about 13 to 35% of initially non-diabetic co-twins also develop the disease, with 

higher risk for twins of diabetics diagnosed at 24 years or younger (1,18,19).  

Given the fact that most of the individuals with T1D do not have a positive familiar 

disposition and the fact that not everybody with a susceptible HLA genome develops T1D, 

environmental factors become more and more interesting (1,19,20). Another proof for the 

relevance of these factors is the almost 20-fold discrepancy between northern (Finland) and 

southern Caucasians (Macedonia), or the constantly increasing incidence rates (19). 
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Dietary factors (such as Vitamin D, bovine milk in the first year of life, gluten), gut 

microbiome, viral infections and other environmental factors are discussed and researched 

to trigger mechanisms in the pathogenesis of T1D (2,17,19). In summary T1D is a result of 

a complex interplay of genetic, environmental/epigenetic, immunological and idiopathic 

factors.  

1.1.3 Pathogenesis of T1D 

Some of the most important hormones are produced in the pancreatic cells: Those are 

glucagon, which is produced in the alpha-cells, and insulin, which is produced in the beta-

cells, and somatostatin, which is produced in the delta-cells of the pancreas. In the case of 

T1D, the beta cells become victim to an autoimmune inflammation resulting in an insulitis. 

If 80% of the beta cells are destroyed, the plasma glucose is pathologically rising. (1)  

 

This inflammation is mainly 

caused by autoreactive CD8+ 

T-lymphocytes emigrating 

into the pancreatic islets, 

where they lyse beta cells. It 

is assumed that the 

autoreactivity is initiated by 

antigen-presenting cells 

presenting beta-cell antigens 

to CD4+ T-lymphocytes. In 

the next step, B-lymphocytes 

are also activated and start 

producing autoantibodies. 

These antibodies can be 

detected in the peripheral 

blood, being a biomarker of 

the autoimmune process of 

T1D. (17) 

 

Ultimately both the adaptive (T- and B-lymphocytes) and the innate (macrophages, 

neutrophil granulocytes, and natural killer cells) immune system maintain the 

Figure 2 Autoimmune pathogenesis of T1D  (17) 
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inflammation. While all of these inflammatory processes are aggravated, the regulatory T-

lymphocytes and their protective function seem to be defect. (17) 

For quantifying the autoimmune inflammation, the antibodies in the circulating blood 

against specific beta-cell antigens are measured. These antigens (with the corresponding 

autoantibody) are insulin (IAA), islet-antigen 2 (IA-2A), zinc-transporter 8 (ZnT8A), 

glutamate decarboxylase (GADA). Over 90% of people with T1D are seropositive to one 

or more of these antibodies. Especially GADA and IA-2A are used as biomarkers for 

progression. (1,2,17)   

However, solely seropositivity is not equal to having symptomatic T1D, with studies 

showing that the disease process from seroconversion to symptoms can vary from few 

months to over 20 years (21). Furthermore, the probability of progression to T1D with 

different autoantibodies existing in the circulating blood was analysed: These studies 

confirmed a higher risk of developing T1D for individuals with more than one antibody 

and a higher risk for individuals with seroconversion in a young age. For example, children 

developing multiple autoantibodies had a risk of almost 70% for disease progression in the 

following 10 years and 84% in the following 15 years. Especially presence of GADA and 

IA-2A lead to a 62% probability of T1D manifestation in the next 10 years. (21,22)  

 

 

Figure 3 Progression to diabetes from the time of seroconversion in children with multiple 

islet autoantibodies (22) 
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1.1.4 Pathophysiology of T1D 

To understand the pathological processes in T1D and insulin deficiency, the metabolic 

functions of insulin are important to know. In general, insulin is an anabolic hormone 

produced in the beta-cells of the pancreas, while the catabolic antagonist glucagon is 

produced in the alpha-cells. Besides of glucagon also catecholamines and cortisol have 

catabolic effects on the glucose metabolism. In healthy people, these hormones are in 

balance maintaining a normoglycemic level. However, in T1D there is a lack of insulin, 

which not only acts anabolic, but also inhibits the catabolic glucagon. 

For maintaining glycaemic balance, insulin acts on different receptors, mainly in liver, 

muscle cells, and adipose tissue. In the liver, insulin increases glycogen-synthesis out of 

glucose and simultaneously decreases hepatic glycogenolysis and gluconeogenesis; this 

results in increased glucose-storage and decreased glucose production in the liver. In 

muscular and adipose tissue, insulin stimulates the uptake of glucose for intracellular 

metabolism and storage to reduce the plasma glucose levels. In the case of insulin 

deficiency, these mechanisms lack regulation. As a result, hepatic gluconeogenesis and 

glycogenolysis continuously produce glucose, while peripheral utilization is reduced due to 

missing intracellular uptake. This imbalance leads to hyperglycaemic plasma glucose 

levels. If the plasma glucose levels exceed ~180mg/dL the kidneys are unable to hold back 

the glucose and hence glucosuria begins. Since glucose is hyperosmolar also electrolytes 

and water are drained out. Eventually, individuals with uncontrolled insulin-dependent 

diabetes mellitus (IDDM) present a hyperglycaemic, exsiccated, thirsty and physically 

weak condition. Another side effect of the osmolar fluctuations are decreased refractivity 

of the ocular lens, which results in impaired eyesight. Another highly relevant metabolic 

function of insulin is the inhibition of lipolysis and inducing storage of free fatty acids in 

adipose tissue. In case of insulin deficiency, the non-inhibited lipolysis continuously 

produces free fatty acids circulating in the blood. If insulin is missing, these free fatty acids 

are metabolized in the liver into acidic ketone bodies resulting in diabetic ketoacidosis 

(DKA). Exsiccated because of the glucosuria, physically weak because of lacking 

intracellular transport, and hyperventilating because of acidic blood pH, uncontrolled 

IDDM can result in a ketoacidotic coma. (23,24) 
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Figure 4 Effects of glucagon and insulin on the liver, muscle, and adipose tissue (25) 

 

1.1.5 Diagnosis of Diabetes mellitus 

Annually guidelines for the diagnosis of diabetes mellitus are re-evaluated and updated. 

Except assessing typical anamnestic and clinical symptoms like polydipsia, polyuria, 

weight loss, weakness, and/or diabetic ketoacidosis, there are plenty of laboratory values 

for diagnosing diabetes mellitus. Currently plasma glucose values are the gold standard for 

differentiating between physiological, prediabetic or diabetic glucose homeostasis. It is 

important to know that the term “prediabetes” is used for cases with a plasma glucose 

higher than normal, but lower than pathological. Meaning that “prediabetes” is not a 

different entity but an increased risk for developing diabetes mellitus. (26) 

1. Most of the time fasting plasma glucose (FPG), after an 8h period without any caloric 

intake, is used for the diagnosis of diabetes. In this case values of ≥126 mg/dL 

(7.0mmol/L) indicate diabetes, values less than 100mg/dL (5.6mmol/L) are normal and 

values in between are prediabetic. (26) 

2. Especially in uncertain cases an oral glucose tolerance test (OGTT) with a following 

2h-plasma glucose (2h-PG) test can be useful. For this the FPG is determined first, 

then the individual drinks a 75g glucose solution dissolved in 300ml of water and 

eventually the plasma glucose is determined again two hours post consumption. If the 

FPG is pathologically elevated and indicative for diabetes mellitus beforehand, an 

OGTT is contraindicated. Nevertheless, the 2h-PG is more sensitive than the FPG in 
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diagnosing diabetes mellitus. The diagnostic criteria for diabetes during a 2h-PG are 

values of ≥200mg/dL (11.1mmol/L), while values less than 140mg/dL (7.8mmol/L) are 

normal and values in between are prediabetic. (26) 

3. Similarly to this, any random plasma glucose ≥200mg/dL in a clearly clinically 

symptomatic individual speaks for diabetes mellitus. (1,24,26) 

4. Alternatively, HbA1c levels can be measured to detect a diabetic/hyperglycaemic 

condition. This glycosylated variant of haemoglobin is a product of non-enzymatic 

attachment of glucose molecules to erythrocytic haemoglobin if the plasma glucose 

levels are high. Because of the irreversibility of this process and an erythrocyte-lifespan 

of 110 to 120 days, the HbA1c level gives an insight of the mean plasma glucose levels 

of the last two or three months. Therefore, this parameter is often used to (re-)evaluate 

the efficacy of the antidiabetic treatment or the individual’s compliance. Elevated 

HbA1c levels of ≥6.5% (48mmol/mol) are indicative of diabetes mellitus, while levels 

<5.7% (39mmol/mol) are physiological and levels in between are prediabetic. Although 

HbA1c has several advantages like greater convenience, no requirement of fasting and 

less day-to-day fluctuations, it is not the gold standard for the diagnosis of diabetes 

mellitus. The reason for this might be the lower sensitivity in detecting diabetes and 

prediabetes compared to FPG and 2h-PG (27). Another reason might be the fact, that 

the HbA1c value only represents the mean plasma glucose levels in the last two to three 

months. Alternating occurrences of high and low blood glucose are equalized and 

masked by each other in this parameter. For example, an individual with constant hyper- 

and hypoglycaemia might have a normal HbA1c value, despite having a metabolic 

disorder. Other limiting factors of this parameter are interferences due to haemoglobin 

variants, haemoglobinopathies (e.g. sickle cell disease), haemolysis, kidney failure, 

pregnancy, HIV, chronic alcohol abuse and other reasons. (1,24,26–28) 
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Table 1 Diagnostic reference points for T1D (26) 

 

Confirmation of the diagnosis requires one of the following settings (26): 

- Clear clinical appearance with random hyperglycaemic plasma glucose of ≥200mg/dL 

and typical symptoms (e.g. polydipsia, polyuria, weakness, DKA, visual impairments) 

- Two pathological results from the same blood sample. For example, elevated values in 

two performed FPG analysis from the same blood sample. 

- Two pathological results from two different blood samples. These different samples can 

either be from two different test modalities or from repeating the first test. For example, 

elevated values in two performed FPG analysis from two blood samples. Or elevated 

values in FPG and HbA1c performed without too much time delay.  

- If an individual has discordant results from two different tests, the pathological test 

should be repeated, confirming the diagnosis if the test is abnormal a second time.  

 

Although T1D traditionally has been seen as “diabetes of the young”, this stereotype is not 

fully correct anymore, as T1D can also occur in adults. For example, the onset of a special 

type of T1D is in adults >25 years and is called latent autoimmune diabetes in adults 

(LADA). Contrary, there are also individuals with T2D in a relatively young age. These 

circumstances are the reason why some cases of young T2D or adult T1D are more 

difficult to diagnose. In such uncertain cases, some additional parameters like C-Peptide or 

autoimmune antibodies are necessary. Enzymatic cleavage of proinsulin results in equal 

amounts of insulin and C-peptide, which is also biochemically more stable than insulin. 

Therefore, for assessing the secretory capacity of the endocrine beta cells of the pancreas, 

C-peptide is determined. While healthy individuals have normal C-peptide levels of 1 to 

 Diabetes mellitus Prediabetes Normal 

Fasting plasma 

glucose (FPG) 

≥126mg/dL 

(≥7.0mmol/L) 

100-125mg/dL 

(5.6-6.9mmol/L) 

< 100mg/dL  

(< 5.6mmol/L) 

2 hour-plasma 

glucose (2h-PG) 

≥200mg/dL 

(≥11.1mmol/L) 

140-199mg/dL 

(7,8-11mmol/L) 

<140mg/dL 

(<7.8mmol/L) 

Random plasma 

glucose 

≥200mg/dL 

(≥11.1mmol/L) 

+ symptoms 

 
<200mg/dL 

(<11.1mmol/L) 

HbA1c 
≥6,5% 

(≥48mmol/mol) 

5,7-6,4% 

(39 - <48mmol/mol) 

<5,7% 

(<39mmol/mol) 
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2ng/mL pre-prandial and levels of 1,5 to 3ng/mL postprandial, individuals with T1D have 

decreased C-Peptide levels and individuals with T2D on the other hand have increased C-

peptide levels. Although this screening tool might be very helpful in differentiating T1D 

and T2D, additional diagnostic steps should be considered. (24,29)  

For example, seropositivity to autoimmune antibodies like insulin auto-antibody (IAA), 

islet-antigen 2-antibody (IA-2A), zinc-transporter 8-antibody (ZnT8A), glutamate 

decarboxylase-antibody (GADA) can be determined. Due to antibody analysis T1D 

nowadays can be divided into different stages of disease progression based on antibody-

quantity and plasma glucose (see Figure 5). It is possible to have seropositivity without 

dysregulated plasma glucose levels. This means that analysis of autoantibodies are useful 

in differentiating the type of diabetes mellitus but should always be interpreted with the 

underlying clinical context to diagnose clinical T1D. (1,2,17,24,29) 

 

Figure 5 Stages of Diabetes mellitus Type 1 based on antibody-quantity and glycaemic levels (17) 

Immune activation with beginning beta-cell destruction; following immune response with antibody production before 

first stage; Stage 1 of T1D beginning with onset of ≥ 2 diabetes associated autoantibodies while having normoglycaemia; 

Stage 2 defined as having ≥ 2 autoantibodies with prediabetic plasma glucose levels; Stage 3 representing the clinical 

diagnosis with diabetic plasma glucose levels; Stage 4 in individuals with longstanding T1D. 

 

1.1.6 Therapy of T1D 

Daily insulin need 

Due to the progressive loss of beta cell function and, as a result, missing insulin secretion 

people with T1D have an inevitable need for exogenous insulin administration. For this 

purpose, knowledge of the physiological pancreatic excretion is important. On average the 

daily need for insulin is about 0.4 to 1.0 IU/kg/day with a higher need during puberty, 

inflammatory processes, trauma or pregnancy (30). This total daily dose is usually split in 

50-60% basal need and 40-50% prandial/bolus need (1,31). While the meal-independent 

basal insulin supresses hepatic gluconeogenesis and other metabolic background-
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processes, prandial insulin regulates plasma glucose levels during/after meal-intake to 

avoid pathologically high plasma glucose peaks. Another relevant factor of insulin therapy 

is circadian variability of insulin sensitivity with midday hours being the most sensitive, 

morning hours the least sensitive, and in the evening in between. Therefore, the proportion 

of total daily bolus insulin dose is 3:1:2. Also the more plasma glucose levels increase 

(>270mg/dL), the more insulin sensitivity is decreased (31). (1,2,31) 

 

Types of insulin 

Although first records of diabetic symptoms go back several hundreds of years, the 

discovery of this vital hormone happened only in 1922 (2). After several years of intensive 

research and pharmaceutical progression, different types of insulin are available nowadays. 

Generally, they are subdivided in human insulin (normal insulin and NPH-insulin) and 

insulin analogues (short acting and long acting). Gene technically produced human insulin 

is chemically identical and functionally similar to endogenously produced insulin. If 

protamine is added to this structure, it is called NPH-insulin which shows intermediate 

prolonged duration of action and can be used for basal therapy. Insulin analogues on the 

other hand are modified in certain amino acid sequences to extend or shorten their duration 

of action. Short acting analogues are used for prandial/bolus therapy, while long acting 

analogues function as basal therapy. Though human insulin and analogues are approved 

therapy standards, analogues allow more stringent glycaemic targets (31,32). (1,2,31) 

Table 2 Types of insulin; *mixture used for conventional therapy (CONV) (31) 

 Name Onset Maximum Duration Administration 

H
u
m

an
 i

n
. NPH-insulin 1-2h 6-7h 14h 2x per day 

Normal insulin 0.5-1h 3h 8h 0-30min pre-prandial 

NPH/normal ins. 0.5-1h 3-3.5h 14h Before breakfast and dinner 

In
su

li
n
 a

n
al

o
g
u
es

 

Degludec 1-2h 8-14h >42h 1x per day 

Detemir 1h 7-9h 19-26h 1x/2x per day 

Glargine U100 1h 8-12h 20-27h 1x/2x per day 

Glargine U300 1-6h 12-16h 30-32h 1x per day 

Aspart 20-25min 2-2.5h 4-5h 0-15min pre-prandial 

Glulisin 20-25min 2-2.5h 4-5h 0-15min pre-prandial 

Lispro 20-25min 2-2.5h 4-5h 0-15min pre-prandial 

Faster Aspart 15min 2h 4h Right before meal 

Ultrarapid Lispro 10min 1.5h 3-4h Right before meal (33) 
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Conventional and Intensive therapy regime  

In the past, when only human insulin was available, conventional therapy (CONV) was the 

gold standard for people with IDDM. For this, insulin mixtures with normal insulin and 

intermediate NPH-insulin were used and served as basal as well as bolus therapy. CONV is 

therefore defined by two daily injections of insulin mixtures (normal insulin and NPH-

insulin), in which about 2/3 of the daily dose are injected before breakfast and the rest 

before dinner (1). (1,2,31) 

Nowadays, the modified pharmacodynamic characteristics of insulin analogues allow 

better adjusted therapy in the form of intensified therapy (INT). This therapy regime is 

defined by either self-applied multiple daily injections (MDI) or pump-regulated 

continuous subcutaneous insulin infusions (CSII). In the case of MDI meal-independent 

daily depots of basal insulin (NPH or long acting analogues) and meal-dependent 

injections of bolus insulin (normal insulin or short acting analogues) are applied. Basal 

therapy is administered either once a day or twice a day depending on duration of action of 

the basal insulin that is used. For example, NPH-insulin and Insulin detemir must be 

administered at least twice a day, while Insulin glargine or degludec require one injection 

per day. For prandial/bolus injections normal insulin or short acting analogues equivalent 

to consumed carbohydrates are used. In contrast to MDI which requires multiple self-

administered insulin pen-injections of basal and bolus insulin, CSII uses external insulin 

pumps continuously infusing small amounts of short acting insulin analogues or normal 

insulin. This short acting analogue or normal insulin then serves as basal & bolus therapy: 

Shortly before meal intake individuals with CSII set their needed amount of bolus insulin 

and the pump delivers this amount via subcutaneous tube. The amount of basal therapy, 

which is infused throughout the day, is pre-set and can be varied for every hour. This is 

from importance because the circadian rhythm of insulin is not homogenous, but rather has 

a peak in the early morning hours, called dawn-phenomenon. Individuals having 

hyperglycaemic problems in these hours can set higher amounts per hour for 

counterregulation (CAVE: differential diagnosis Somogyi-effect). Therefore, CSII allows 

more precise imitation of physiological insulin secretion patterns. (1,2,30,31) 
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Figure 6 Insulin therapy regimes (34) 

 

Recommendations  

While conventional therapy (CONV) prescribes the dose of injected insulin and size of the 

consumed meal, intensified therapy (INT) allows flexible meal times & flexible meal 

portions with according injecting doses. On the other hand, INT requires education and 

compliance/adherence of the patient for correctly calculating and dosing of the bolus 

insulin needed. Therefore, the German Diabetes Society and the American Diabetes 

Association emphasize use of INT as standard therapy regime in IDDM as long as the 

individual manages and tolerates the regimen (30,31). These recommendations mostly rely 

on the Diabetes Control and Complications-Trial (DCCT), in which significantly lower 

HbA1c levels were reached with INT compared to CONV (median HbA1c 7% vs 9%) 

(35,36). The following EDIC study proved, that a certain period of INT (average of 6.5 

years in the DCCT) reduced long-term cardiovascular and microvascular complications for 

up to 18 years afterwards (35). However, there was a threefold in hypoglycaemic events 

with INT (35,36); but it should be noted that, at the time of the DCCT no insulin analogues 

were available, which show less hypoglycaemic events than normal insulin nowadays 

(30,37). To sum up: If the individuals are educated about the procedures and compliant, 

INT favourably using insulin analogues is the standard of medical care in T1D therapy. 
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INT can be performed as CSII or MDI, which have been compared too, showing that CSII 

has significant advantages in glycaemic control especially in individuals with high baseline 

HbA1c levels (38–40). 

Although these recommendations implicate that INT is superior to CONV in reaching 

glycaemic targets, it should be taken into account that “the central precept in the 

management of type 1 diabetes is that some form of insulin be given in a planned regimen 

tailored to the individual patient to keep them safe, out of diabetic ketoacidosis, and avoid 

significant hypoglycaemia, with every effort made to reach the patient’s glycaemic targets” 

(30). Meaning that a correctly performed conventional therapy is probably superior to an 

incorrectly performed intensive therapy, if the individual is not capable of the complexity 

of INT. 

 

Educational and psychosocial interventions 

No matter how thorough the pharmacological concept has been adjusted from the medical 

staff, the diabetic individual is the one administering the insulin. Therefore, intensive 

education in diabetes self-management is one of the key factors for a successful therapy. 

This should occur early after diagnosis of T1D and in certain intervals afterwards. 

Educational topics are for example correct use of devices and insulin, identifying and 

reacting to acute complications (hypoglycaemia, diabetic ketoacidosis), knowing about 

long-term complications (diabetic retinopathy, polyneuropathy, nephropathy, 

macroangiopathy) and preventing these, correct self-monitoring of blood glucose, and 

more (41). Eventually the aim is an educated individual with the ability of informed 

decision making and increased quality of life. Several studies verified the beneficial effects 

of diabetes self-management education on HbA1c and impaired awareness of 

hypoglycaemia (42–44). Therefore therapy guidelines emphasize relevance of these 

interventions as a cost-effective basis in diabetes healthcare (31,45). 

With T1D being a chronic disease limiting everyday life, diabetic individuals and/or 

relatives sometimes see themselves confronted with a heavy burden. This can result in 

psychosocial issues, if not addressed early enough. Individuals with T1D are more likely to 

experience anxiety, depression, behavioural problems and eating disorders (about 3% vs. 

7%) than equivalent compared individuals (46,47). This is why psychosocial care is 

recommended in individuals with T1D (and their relatives) (31,45). 
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Nutrition 

Given the fact that insulin deficiency leads to unbalanced glucose metabolism, it is logical 

that carbohydrate (CHO) intake must be strictly monitored. Calculating the amount of 

CHO in a meal (1 bread unit = 12g of CHO (45) OR 1 carbohydrate unit = 10g CHO (1)) 

and applying appropriate doses of prandial insulin is elementary for achieving glycaemic 

control. Therefore, education about correct calculation/estimation of CHO intake and 

insulin administration must be done. In addition, the hypoglycaemic effects of alcohol 

intake or exercise should be addressed to prevent (nocturnal) hypoglycaemia. Apart from 

that, no additional dietary restrictions are recommended for individuals with T1D other 

than usual dietary recommendations for people without T1D. (1,31,45) 

1.1.7 Monitoring 

Correct monitoring of glucose levels is elementary for adequate insulin administration. For 

this, various alternatives of blood or interstitial glucose measurement are available 

nowadays. In the following paragraphs only some of them, which have been used during 

the study, are described.  

First introduced in the 1970s and by far the most used way of measurement is self-

monitoring of blood glucose (SMBG) using capillary blood. Therefore, a lancet or lancing 

device, glucose test strips and a glucose meter, measuring and showing the result, are 

needed. After washing the hands and inserting a test strip into the appropriate meter, a 

finger is pricked with a lancet or lancing device. A small drop of blood is obtained onto the 

test strip and the capillary blood glucose level is measured by the device. The American 

Diabetes Association recommends SMBG use for patients in intensive insulin therapy 

regime (MDI or CSII) as much as 6 to 10 times daily for efficient monitoring (48). For 

example, prior to meals, physical exercise, sleeping or critical tasks like driving a car, and 

when suspecting hypoglycaemia until normoglycaemia occurs. In individuals with T1D a 

higher frequency of SMBG is even correlated with significantly lower HbA1c levels 

(49,50). (48,51) 

In 1999 another breakthrough in glucose monitoring took place, when the first continuous 

glucose monitoring (CGM) device got approved. These devices are continuously 

measuring glucose levels in the interstitial fluid which is representative of the plasma 

glucose levels in a certain range. Since 1999 different variants of the devices and 

additional features developed. Most of the time minimally invasive subcutaneous needle-

type CGM systems are used, where a catheter is inserted in the subcutaneous adipose tissue 

to analyse the glucose levels in the interstitial fluid. One relevant weakness of interstitial 
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measurement is the fact that glycaemic changes occur after an average time delay of 8 to 

10 minutes compared to plasma glucose measurement (52,53). Therefore, interstitial 

glucose analysis is quite reliable during stable glycaemic stages, but lacks accuracy and 

reliability during stages of rapid change of glucose levels (53,54). This physiological effect 

is important to know when interpreting data collected by CGM devices especially in acute 

hyper- or hypoglycaemic events. In such cases, use of SMBG is recommended until 

euglycaemia is reached. From the different CGM-systems mainly real-time CGM (rtCGM) 

and flash glucose monitoring (FGM) are used. Both systems are continuously measuring 

the glucose levels in the interstitial fluid using a catheter placed in the subcutis, which is 

connected to an external sensor. This sensor must be changed every 1 to 2 weeks. While 

rtCGM regularly transmits and saves the measured data to a reader, FGM only displays 

data when the sensor is actively scanned with the reader. If the FGM sensor is not scanned 

for 8 hours or longer, data gets overwritten. Use of CGM devices have many useful 

advantages in daily life for individuals with T1D.  

- For example, no significant difference between only CGM-use and use of  a CGM-

SMBG-combination has been found (55). Therefore, finger pricks are not necessary except 

for calibration of the rtCGM devices.  

- Another advantage of CGM is that the reader is able to display a trend whether the 

glucose levels are rising or falling according to previously measured data. Contrary to 

SMBG which only displays a punctual value, CGM allows better determination if more 

carbohydrate intake or more insulin administration is needed.  

- Also, CGM devices analyse the time spent in certain glycaemic ranges and the glycemic 

variability of the individual. Information about time spent in hypoglycaemia, euglycaemia 

and hyperglycaemia are helpful for monitoring and adjustment of therapy. Decisions are 

made more precisely than with HbA1c values alone, which only represent average glucose 

levels in the past time. E.g. an individual with high percentage of time in hypoglycaemia 

could present with false-low or false-normal HbA1c levels, although intervention in therapy 

regime is needed. (56) 

- Besides, rtCGM devices have a major advantage in terms of preventing hypoglycaemia 

(and hyperglycaemia). Because the transmitter is in constant communication with the 

reader the user is notified if the glucose levels drop (or rise) below (or above) a certain 

threshold.  

All these factors lead to improved glycaemic control in individuals with T1D using CGM 

systems. As well rtCGM (57,58) as FGM (59,60) have been shown to reduce time spent in 
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hypoglycaemia and still lower HbA1c levels compared to capillary blood glucose 

measurements. Therefore, the German Diabetes Society and the American Diabetes 

Association recommend use of CGM monitoring for improving quality of life and reaching 

glycaemic targets if used properly. (31,48) 

1.1.8 Glycaemic Targets 

The DCCT clearly proved the correlation between better glycaemic control, represented by 

lower HbA1c levels, and significant (50-76%) reduction of long-term complications (36). 

Therefore, to minimize the risks for long-term complications and to evaluate the 

effectiveness of a therapy regime certain glycaemic targets are defined. There are different 

variables for different monitoring options. While individuals performing SMBG solely rely 

on quarterly measured HbA1c levels and self-measured glucose diaries, individuals using 

CGM receive additional information about their glycaemic status.  

Referring to the American Diabetes Association (ADA) an HbA1c level of <7% is 

recommended for non-pregnant adults. If achievable without significant hypoglycaemic 

adverse effects, even HbA1c levels of <6.5% are recommended. Further reduction than 

6.5%, on the other hand, may be associated with hypoglycaemic events outweighing the 

potential benefit. In individual cases (limited life expectancy, severe hypoglycaemia, 

severe micro-/macrovascular complications, fully extended therapy regime) less stringent 

HbA1c levels of 8% can be adequate. (61) 

Measured percentage of glycosylated haemoglobin can be translated into estimated mean 

glucose levels of the past 3 months. For this purpose data from the A1C-Derived Average 

Glucose (ADAG)-study is used (62) (see Table 3). 

 

HbA1c (%) mg/dl mmol/l 

5 97 (76-120) 5.4 (4.2–6.7) 

6 126 (100-152) 7.0 (5.5–8.5) 

7 154 (123-185) 8.6 (6.8–10.3) 

8 183 (147-217) 10.2 (8.1–12.1) 

9 212 (170-249) 11.8 (9.4–13.9) 

10 240 (193-282) 13.4 (10.7–15.7) 

11 269 (217-314) 14.9 (12.0–17.5) 

12 298 (240-347) 16.5 (13.3–19.3) 

Table 3 Estimated average glucose (Data in parentheses are 95% CIs) (62) 
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Yet HbA1c levels lack major information about glycaemic conditions of individuals with 

diabetes mellitus. For example, time in range (TIR), glycaemic variability and 

hypoglycaemic/hyperglycaemic events (especially while sleeping) are not described. CGM 

devices provide these variables and allow healthcare-providers more precise evaluation of 

the therapy regime and glycaemic condition.  

An international consensus defined CGM-based glycaemic ranges according to 

normoglycaemia, mild/severe hypoglycaemia and mild/severe hyperglycaemia. Also, 

certain glycaemic targets for different diabetes populations (non-pregnant adults, 

older/high risk individuals, pregnancy with T1D, pregnancy with T2D) are specified in this 

consensus. For non-pregnant adults a TIR of  more than 70% is recommended, TAR 

should be less than 30% in total (<25% level 1, <5% level 2), TBR is handled more 

stringent and must not exceed 5% in total (<4% level 1, <1% level 2) (63). A TIR of 70% 

matches to HbA1c levels of approximately 7%, and every 10% increase of TIR results in a 

0.6-0.8% decrease in glycosylated haemoglobin (64,65).  

 

Glycaemic range Interstitial glucose level 

(mg/dL) 

Glycaemic target  

(time spent/day) 

Time above range (TAR) level 2 >250 <5% 1h 12min 

Time above range (TAR) level 1 181–250 <25% 6h 

Time in range (TIR) 70–180 >70% 16h 48min 

Time below range (TBR) level 1 54–69 <4% 58min 

Time below range (TBR) level 2 <54 <1% 14min 

Table 4 Glycemic ranges and targets for CGM-measured values in non-pregnant adults (63) 

 

Another relevant variable provided by CGM devices, that cannot be assessed by HbA1c, is 

the glycemic variability of measured data. This represents fluctuations in blood glucose 

levels and should not exceed 36% (61,63). 
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1.2 Intermittent fasting 

1.2.1 Background 

In modern day societies three meals per day (breakfast, lunch, and dinner) are usual, 

sometimes snacks in between are consumed too. Exaggerated forms of this eating pattern 

lead to continuously elevated insulin levels with inhibition of lipolysis, resulting in insulin 

resistance and obesity. These metabolic dysregulations are not surprising considering that 

the human body is not designed for overconsumption. In fact, by using energy depots in 

the liver and adipose tissue (see Figure 4) mammals and human beings can withstand 

prolonged times of food deprivation with intermittent periods of nutrition. Intermittent 

fasting (IF) simulates this and is defined as ”eating patterns in which individuals go 

extended time periods (e.g., 16–48 h) with little or no energy intake, with intervening 

periods of normal food intake, on a recurring basis” (66). Generally this results in 

euglycemic blood glucose levels, metabolisation of hepatic glycogen and reduction of 

adipose tissue generating ketones (66,67).  

1.2.2 Types of IF 

Meanwhile various forms of IF developed (see Table 5), yet all of them target prolonged 

fasting periods inducing lipolysis and glycogenolysis. In this study two types of IF are 

relevant: alternate-day fasting (ADF) and time-restricted Ramadan fasting.  

 

ADF is defined by alternating days of unlimited energy-intake (food and beverages) 

followed by days of only-water-consumption or at least 75% energy-restriction. A variant 

of this fasting regime was performed in this study during the prolonged fasting periods. 

Ramadan fasting on the other hand is a specific form of time-restricted feeding, where food 

Table 5 Overview of different intermittent fasting strategies (72)  
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and beverages (water included) are prohibited from sunrise to sunset. This time span may 

vary from 11 to 22 hours depending on the geographic location. Although Ramadan fasting 

was not performed during this study, most of the research on T1D and fasting are 

associated with Ramadan studies. Both, ADF and Ramadan fasting, are associated with 

significant weight loss and improvement in metabolic parameters, such as fasting insulin, 

LDL, HDL, total cholesterol and triglycerides (68–70). Additionally, Ramadan fasting has 

been shown to reduce HbA1c levels by 0.6% in people with T2D (71). (72) 

 

Figure 7 Glucose and ketone levels during different eating/fasting patterns (66) 

The timeline shows two consecutive days with red arrows representing meals/snacks 

A: typical eating pattern with breakfast, lunch, dinner and a late snack; after every meal, glucose levels rise and 

normalize again; glycogen stores are not depleted, therefore ketone levels stay low 

B: example of an alternate-day fast with low glucose levels during the fasting day; ketone bodies continuously 

arise following a decrease in ketone levels and an increase in glucose levels after breaking the fast on the 

following day 

C: time restricted feeding (e.g. Ramadan fasting) where in the last 6-8h of the 18h fasting period ketone levels 

rise; after breaking the fast ketone bodies return to baseline while glucose levels rise and remain high for several 

hours due to consecutive meals 
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1.2.3 Endogenous effects during IF 

In order to function physically and cognitively during prolonged states of fasting, several 

endogenous processes take place. Metabolic parameters like glucose, insulin, leptin, and 

total cholesterol decrease, also inflammatory values (CRP, TNFalpha, IL-6, etc.) are 

falling. Reduced insulin levels lead to increased hepatic and muscular insulin sensitivity 

and uninhibited lipolysis. If too much free fatty acids are produced and insulin is missing, 

then free fatty acids are transformed into ketone bodies (3OHB, aceton, acetoacetate). 

Therefore, ketone bodies are usually a sign of a fasting state. Other than that, vegetative 

adaptations take place, like an increase in parasympathetic tonus, resulting in decreased 

blood pressure and resting heart rate. In addition, glucagon levels arise during fasting 

periods to counteract hypoglycemic blood glucose levels. An overview of the endogenous 

effects of IF can be seen in the figure below. (66,67) 

 

Figure 8 Effects of IF on different tissues/organs (66) [Abbreviations;: 3OHB, 3-hydroxybutyrate; CRP, C-

reactive protein; IGF-1, insulin-like growth factor 1; IL-6, interleukin 6; TNF, tumor necrosis factor] 
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1.2.4 Health Benefits of IF 

As a result of above-mentioned endogenous effects, IF provides various health benefits 

apart from weight loss.  

a) Circadian rhythm is elementary for timing physiological processes at the perfect time. 

Generally, the central endogenous clock (suprachiasmatic nucleus) is synchronized by 

light and darkness to a 24-hour circadian rhythm. Peripheral clocks in liver, skeletal 

muscle cells and adipose tissue on the other hand also react to feeding signals. 

Therefore, consuming meals during usual resting periods can disturb the circadian 

rhythm resulting in poor sleep quality and metabolic dysregulations. (72,73) 

For example, circadian disturbances where the usual 24h-cycle has been extended to 28 

hours, can lead to significant insulin resistance after just 3 cycles (74). Contrary, the 

odds of elevated HbA1c levels decrease by every nocturnal 3-hour fasting duration (75). 

b) Apparently, weight loss is the most relevant health benefit resulting from calorie 

restriction, because obesity increases the risk for cardiovascular diseases, certain 

cancers, diabetes and diabetes-related complications (76). As mentioned above (see 

chapter 1.2.2) ADF and Ramadan fasting are associated with significant weight loss. 

Reviews of different IF-regimes quantified weight loss in ADF to be up to 7% and 

reduction of body fat up to 5kg in eight weeks (77). Apart from that, IF/intermittent 

energy restriction has been compared with continuous energy restriction (CER); 

showing that both diet regimes result in equivalent and comparable weight loss (78,79). 

If possible, the weight should not be lost at the expense of the fat-free mass (FFM), 

which is representing the muscle mass in a certain way. According to studies analysing 

this aspect, loss of FFM seems comparable between IF and CER (80,81). More 

important for preserving lean mass is a high protein consumption. For example, ad 

libitum protein and fat intake during IF, showed significantly lower loss of FFM than 

CER or regular IF (80). 

c) Oxidative stress and inflammatory markers, such as CRP, TNF-alpha and IL-6, also 

decrease during ADF und Ramadan fasting (67,82,83). This may lead to a reduction of 

autoimmune processes, atherosclerosis and tissue damage. 

d) Glucose metabolism also reacts to fasting, which can be measured in altered 

parameters. Due to food deprivation, fasting glucose levels significantly decrease after 

IF (84). Reduced glucose levels in turn lead to significantly reduced fasting insulin 

levels (68). Ultimately these metabolic benefits result in lower HOMA-IR levels, which 
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means less insulin resistance and increased insulin sensitivity (67,84). Studies also state 

that CER and IF provide comparable beneficial effects on glucose metabolism. (85) 

1.2.5 Complications during IF with T1D 

As described previously, several endogenous and metabolic processes for maintaining 

physical and cognitive function take place during fasting periods. Therefore, IF poses a 

problem especially for people with T1D, who are already suffering from dysfunctional 

glucose metabolism. Most relevant complications during IF might be hypoglycaemia and 

diabetic ketoacidosis.  

 

- Hypoglycaemia: Although T1D is characterized by absolute insulin deficiency and 

therefore hyperglycaemic metabolic state, various reasons can lead to hypoglycaemia. 

Normally, if the plasma glucose falls below a mean threshold of 80mg/dL, insulin 

secretion decreases. However, individuals with established T1D rely on exogenously 

administered insulin and therefore insulin-autoregulation is lost. If plasma glucose 

levels further decrease (below ~65-70mg/dL) glucagon and epinephrine are secreted to 

counteract hypoglycaemia. These thresholds tend to decrease and react later in people 

with tightly controlled glycaemic levels or in people with recurrent hypoglycaemic 

events. Therefore, glucagon response to hypoglycaemia is also inefficient in people with 

T1D (86), and epinephrine action seems to act delayed (87). Inefficiency of these three 

counterregulators leads to increased risk of hypoglycaemia, despite of absolute insulin 

deficiency in T1D. Nevertheless, overdosed insulin administration or lack of insulin 

reduction are the main reasons for hypoglycaemia during fasting periods. (88) 

Despite significant increase in severe hypoglycaemia, the EPIDIAR study showed that 

more than 40% of Muslims with T1D fasted for at least 15 days during Ramadan (89). 

This reflects the will to fast in people with T1D regardless of adverse events. However, 

performing pre-Ramadan education lead to less hypoglycaemic events (90), underlining 

the importance of awareness to complications during IF and counteracting them. 

 

- Diabetic ketoacidosis: While there is usually no need for bolus insulin doses during 

fasting periods, basal insulin must be administered; otherwise diabetic ketoacidosis 

(DKA) could be the consequence. Due to insulin deficiency glucose utilization in 

peripheral tissue is impaired, while excess in counterregulatory hormones 

(glucagon:insulin ratio↑) results in rising blood glucose levels. Furthermore, insulin 

deficiency leads to uninhibited lipolysis producing free fatty acids, which are 
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metabolised to acidic ketone bodies. Eventually DKA presents with hyperglycaemia, 

ketonaemia (>3mmol/L) and metabolic acidosis. (91)  

Although cases of DKA are described during Ramadan fasting, the incidence of such 

complications does not increase significantly during this fasting regime. It is 

hypothesized that the fasting period of approximately 12 hours is not long enough to 

result in significant ketonaemia. In fact, excessive cuts in basal insulin administration 

seem to be the main reason for DKA during Ramadan. (92,93) 
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2 Material and Methods 
 

This was a prospective clinical trial assessing the effects of prolonged fasting on glucose 

metabolism in adults with T1D. It was performed at the Clinical Research Center 

(Billrothgasse) of the Medical University of Graz. The local ethics committee of the 

Medical University of Graz (Austria) approved the study protocol (30-238 ex 17/18), 

which was registered at the German Clinical Trials Register (DRKS00016148; DRKS.de). 

The study was conducted in conformity with the declaration of Helsinki and Good Clinical 

Practice. Before any trial related activities, potential participants were informed about the 

study protocol and participants gave their written informed consent. 

2.1 Eligibility criteria 

a) Inclusion criteria 

•  Age above 18 years 

•  C-peptide negative defined as < 0.3nmol/L 

•  Treatment with multiple daily injections or continuous subcutaneous insulin infusion 

•  HbA1c < 9.5% 

•  Diagnosed with type 1 diabetes > 12 months before 

•  Stable insulin therapy (assessed by the study physician) 

•  Use of a continuous glucose monitoring system (CGM)  

o favorably FreeStyle Libre 1 by Abbott, USA 

b) Exclusion criteria 

•  History of cardiovascular disease 

•  Acute or chronic inflammatory disorder 

•  Heavy drinking (> 15 alcoholic drinks/week) 

•  Dietary restrictions (e.g. vegetarianism and vegan) 

•  Known malignancy 

•  Diabetic ketoacidosis within the last 12 months 

•  Severe hypoglycaemia requiring external assistance within the last 12 months 

•  Pregnancy, breast-feeding or trying to become pregnant 

•  Chronic diseases that could interfere with results/outcome 

•  Therapy with antidepressants within past 6 months 

•  Therapy with glucocorticoids 
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c) Measurement Day Exclusion Criteria: 

•  Basal insulin dose was not injected 

•  ≥ 3 hypoglycaemic events (<70mg/dL) during the fasting 

•  Non-prandially induced hyperglycaemia ≥250mg/dL during the fasting 

•  Performing physical exercise during the fasting 

•  Last bolus insulin dose was injected later than official start of fasting 

•  Consuming food or snacks during fasting 

•  Consuming caloric drinks during fasting 

•  Consuming caffeine during fasting 

•  CGM-sensor expires during OGTT  

•  CGM-sensor was changed <24h before or during fasting period 

d) Withdrawal / Drop out of subjects 

Subjects had the right to withdraw from the study at any time without prejudice or 

compromise to future care.  

On the other hand, the investigator may discontinue or withdraw the subjects under the 

following circumstances: 

•  Significant protocol deviation 

•  Significant non-compliance with study procedures 

•  An adverse event that requires discontinuation of the study medication  

•  Consent withdrawn 

•  Lost to follow up 

•  Any other situation that may make it unsafe for the subject to continue in the trial 

2.2 Study design 

This study was designed as a prospective single-center, non-randomized, open-label, cross-

over controlled trial. In total, the study consisted of three visits: a screening visit, visit 1 

after a 12h fasting period and visit 2 after a 36h fasting period.  

Screening Visit: 

During the recruitment process, participants from earlier clinical trials and patients from 

the Outpatient Clinic for Diabetes of the Medical University of Graz have been called and 

asked to participate in this study. A screening visit was arranged, and the informed consent 

was sent via email beforehand, so that participants had enough time to go through. At the 

beginning of the screening visit the study procedures were explained in detail and 

participants had the opportunity to ask questions. After signing the informed consent 
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inclusion and exclusion criteria were evaluated by a study physician. If individuals were 

included to the clinical trial, demographic information (date of birth, gender, age), medical 

history, and concomitant medication were assessed. Additionally, the study physician 

measured anthropometric data (weight, height, waist circumference, hip circumference) 

and vital signs (blood pressure, heart rate) before performing a physical examination. For 

assessment of HbA1c, C-peptide levels, and general health status a venous blood sample 

was drawn.  

Afterwards, participants were enrolled for the clinical trial and prepared for the fasting 

period. Therefore, an information sheet with all relevant facts about fasting procedure, 

insulin management, side effects, and countermeasures was handed out and explained. It 

was also checked, if the CGM-sensor would expire during the trial. If so, the sensor was 

changed at least 24 hours before start of the fasting period. Eventually, individuals were 

appointed for visit 1 and visit 2 favorably separated by 7 ± 2 days.  

 

Figure 9 Schematic screening visit  

*Anamnesis: including demographic data, medical history, concomitant medication  

** Physical examination: including vital signs 

 

Fasting period: 

- In total, participants were instructed to fast twice; first for 12 hours before visit 1, which 

served as a control value, and then for 36 hours before visit 2. Before starting the fasting 

period, individuals were allowed to eat and drink ad-libitum. At 8pm, they had to be 

finished and the fasting period of either 12 or 36 hours started. During the fast only tap 

water or soda were permitted, while food, snacks, caffeinated drinks, alcohol, soft drinks, 

and any other caloric energy uptake had to be avoided. Additionally, individuals were 

instructed to avoid excessive physical exercise. The amount of consumed water, the type of 

physical activities, and hypo- or hyperglycaemic events while fasting were recorded in a 

diary by participants. After completion of the 12 or 36 hours fast, the trial visits started at 

8am at the Clinical Research Center of the Medical University of Graz. 

- Participants using MDI injected their regular basal insulin dose, as discussed in their yearly 

Diabetes Outpatient Clinic visit. Those that were using CSII applied their regular basal 

insulin rate, however, if required, the basal rate was lowered by up to 25% if assessed as 

necessary by the participants. For comparability between both visits (12h vs 36h fasting) 

the same amount of basal insulin had to be injected.  
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- In cases of hypoglycaemia (<70 mg/dL) during the fasting period, 15 grams of 

carbohydrates were consumed, and blood glucose was measured after 15 minutes to ensure 

euglycemic blood glucose concentration (70 to 180 mg/dL). If euglycaemia was reached, 

the fast was continued. If blood glucose concentration was still hypoglycaemic, this 

procedure was repeated. In cases of ≥3 episodes of hypoglycaemia, the fast was stopped 

and the anticipated visit was cancelled, so that basal insulin therapy could be re-evaluated 

and reduced. Thereafter the participant started again with visit 1, regardless of the 

participant’s progress before.  

- In cases of hyperglycaemia (>250 mg/dL) participants were instructed to call the study 

leader before taking countermeasures. After consultation bolus insulin should be injected 

according to individual correction factor.  

 

 

Figure 10 Schematic fasting period (12h vs 36h) 

1) 12 hour fasting period with regular basal insulin administration in the evening; last meal with bolus insulin 

injection before 8pm; after that no caloric energy uptake, no excessive physical activities, but ad libitum 

water consumption; 12 hours later, at 8am, visit 1 starts 

2) 36 hour fasting period with regular basal insulin administration in the first and second evening; last meal 

with bolus injection before 8pm (first evening); after that no caloric energy uptake, no excessive physical 

activities, but ad libitum water consumption; 36 hours later, at 8am, visit 2 starts 
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Trial visits: 

After each fasting period, participants attended the trial visit at the Clinical Research 

Center, where the above-mentioned measurement day eligibility criteria were assessed at 

first. In order to evaluate possible ketonuria a urine sample was obtained. Then the 

participants were weighed and a bioelectric impedance analysis (BIA, see chapter 2.4.3) 

was performed. After 30 minutes of resting, the resting energy expenditure (REE, see 

chapter 2.4.4) was measured for further metabolic analysis. When these analyses were 

finished, a peripheral venous access was established, and a fasting blood sample was 

drawn. Afterwards the oral glucose tolerance test (OGTT, see chapter 2.4.5) started. 

During the OGTT the international physical activity questionnaire (IPAQ) was filled out. 

Study assistants collected the diaries, which contained record of water consumption, 

physical activities, and hypo-/hyperglycaemic events during the fast. Eventually, the 

OGTT was terminated after 4 hours and individuals were checked for well-being and 

euglycaemia. If so, the CGM-sensor data was downloaded, and the trial visit ended.  

 

Figure 11 Schematic trial visit 

 

2.3 Test methods  

2.3.1 Physical examination 

Physical examination was performed by the study physician at the screening visit, and 

included examination of general appearance, head, ears, eyes, nose, throat, neck, 

cardiovascular system, respiratory system, gastrointestinal system, skin, thyroid gland, 

musculoskeletal system, central and peripheral nervous system.  

2.3.2 Vital signs 

Vital signs were assessed during the screening visit and in case of discomfort of the 

participants during a trial visit. Therefore, blood pressure was measured in a sitting 

position, with legs uncrossed, the back and arms supported. Subjects were sitting for at 

least five minutes before the blood pressure measurement was taken and did not talk during 

the procedure. Heart frequency as beats per minute was recorded after resting for five 

minutes in a sitting position. 
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2.3.3 Bioelectric impedance analysis – BIA  

Bioelectric impedance analysis (BIA) is an easy, fast, and non-invasive method of 

measuring body composition. The phase-sensitive measurement method uses the different 

conductivity of the individual compartments (see Fig. 12) to determine body composition.  

In general, body composition is 

divided in fat mass (FM) and fat-free 

mass (FFM). FM contains visceral and 

subcutaneous fat, while FFM is further 

subdivided in body cell mass (BCM) 

and extracellular mass (ECM). BCM 

represents all living and metabolic 

active cells of the body (muscle, organ, 

immune and blood cells) including the 

water inside these cells, also called 

intracellular water. ECM, on the other 

hand, represents all non-living and 

therefore metabolically inactive cells 

like bone tissue and blood plasma. 

Extracellular water is also part of the 

ECM. (94) 

 

In this study the BIACORPUS RX 4004M (Medical Health Care GmbH, GER) performed 

these measurements. For this purpose, two electrodes each (total of 8 electrodes) were 

attached to the hands and feet of the person to be examined. The measurement process was 

started by the push of a button; the instrument then automatically measured all segments 

successively. After about 20 seconds, the measurement was complete and the data was 

transferred to the analysis systems manually or via USB interface. Segmental measurement 

data was used for the statistical evaluation of the impact of prolonged fasting on body 

composition. 

2.3.4 Resting energy expenditure – REE 

Resting energy expenditure (REE), also called resting metabolic rate (RMR), represents 

the quantity of energy, that is used for maintaining body functions like vegetative organ 

functions, ionic cell-gradients and body temperature during a resting phase. Normally REE 

is between 25-40 kcal/kg/day (95). Commonly indirect calorimetry is used to determine 

Figure 12  

Compartments differed & displayed by BIA (94) 
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REE. This method is a non-invasive way to determine different metabolic parameters with 

the help of gas exchange variables like oxygen consumption (VO2) and carbon dioxide 

production (VCO2). Additionally, indirect calorimetry is able to calculate the respiratory 

quotient (RQ), which estimates the amount and type of substrate oxidized by the organism. 

Normally RQ ranges from 0.7 to 1, with 1 representing carbohydrate utilization, 0.7 mainly 

fat oxidation and values in between representing a mixed diet. During starvation and 

ketosis a decrease in VCO2 and RQ is anticipated. (95,96)  

In this study the METAMAX® 3B (CORTEX Biophysik GmbH, GER) performed the 

indirect calorimetry. Before starting the measurement, subjects had to rest for at least 30-

minutes after at least 8 hours of sleep and after at least 3 hours of fasting (in this case 12 

and 36 hours). In this time, a two-point calibration procedure was conducted according to 

the manufacturer’s guidelines. Afterwards, a breath mask was placed tightly over the 

subject’s mouth and nose. Oxygen consumption and carbon dioxide production were 

measured via a bidirectional digital turbine flow meter, REE was calculated by the Weir 

formula (97) and RQ was calculated too. During the indirect calorimetry, participants were 

fully awake, lied down quietly, were completely relaxed and were breathing normally. The 

measurements took place for at least 30 minutes and were performed in standard neutral 

hospital room temperature.  

2.3.5 Oral Glucose Tolerance Test – OGTT  

An OGTT is used to analyse glucose utilization over a certain time period after a 

carbohydrate intake. After an initial rise in blood glucose concentration physiological 

insulin secretion starts and blood glucose levels decrease. In individuals with impaired 

glucose tolerance and diabetes mellitus, this decrease is delayed due to insufficient or 

missing insulin response.  

Before starting with the OGTT, a peripheral venous access was established and a pre-meal 

blood sample was drained (-5min, T1). Then the participants drank 75 grams of glucose 

(Glucoral 75 citron, Germania Pharmazeutika, AUT) dissolved in 300ml of water and 

injected a bolus insulin dose (0min) based on their calculated carbohydrate-to-insulin ratio 

(see Figure 12, CarbF). For comparability between both OGTTs (12h vs 36h fasting), the 

same amount of bolus insulin had to be injected. During the OGTT, further blood samples 

were obtained at six different time points: 15 min (T2), 30 min (T3), 60 min (T4), 120 min 

(T5), 180 min (T6) and 240 min (T7) after drinking the carbohydrate drink. In order to 

prevent blood clotting in the cannula, it was occasionally flushed with sterile saline. The 

first drops of blood at each blood draw were disposed to avoid saline admixture. 
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The analysis of the pre-meal blood sample (T1) contained fasting glucose, c-peptide, 

proinsulin, insulin, cortisol, glucagon, beta-hydroxybutyrate, lipid-parameters (total 

cholesterol, triglycerides, HDL, LDL) and a routine safety laboratory. Glucose, insulin, c-

peptide, glucagon and beta-hydroxybutyrate were analysed again throughout the OGTT in 

T2-T7. Simultaneously interstitial glucose was measured as often as required for safety 

reasons by means of scans with the iCGM reader (FreeStyle Libre 1, Abbott, USA) during 

the continuum of the OGTT. In case the rate of change in glucose appeared to be high as 

shown via trend arrows by the iCGM system, a capillary blood glucose measurement was 

performed for safety reasons.  

In case of hypoglycaemia, defined as capillary blood glucose < 70mg/dL, or other adverse 

effects during the OGTT the test was discontinued early and ~15 to 30gr carbohydrates 

were given to the participants. In case of pre-OGTT hyperglycaemia, defined as capillary 

blood glucose > 250mg/dL, an individual bolus insulin correction dose (see Figure 12, 

CorrF) was injected. After such incidents, pre-OGTT hyperglycaemia or intra-OGTT 

hypoglycaemia, the visit was cancelled, basal insulin dose was re-assessed and if necessary 

adjusted. Afterwards the participant was enrolled for visit 1 again to ensure the same 

amount of exogenous basal insulin circulating during both fasting periods, 12h vs 36h. 

 

Figure 13 Formula used in this study 

CarbF Carbohydrate factor or carbohydrate-to-insulin-ratio; carbohydrates (g) covered per IU of insulin 

CorrF Correction factor; blood glucose correction in mg/dL per IU of insulin 

TDD Total Daily Dose; defined as total amount of daily bolus and basal insulin in IU 

2.3.6 Laboratory measurements  

Insulin and C-peptide were measured by chemiluminescence on an ADVIA Centaur 

system (Siemens Healthcare Diagnostics, Eschborn, Germany). Glucagon was analysed by 

using ELISA-Kits (Mercodia AB, Uppsala, Sweden). Proinsulin was measured using an 

immuno-chemoluminometric assay for the quantitative measurement of intact proinsulin 

(MLT Research Limited, Cardiff, UK). Beta-hydroxybutyrate was measured using 

commercial enzymatic methods on an AU640 chemistry analyser (Olympus Corp., Tokyo, 

Japan). Routine parameters were analysed using a cobas  analyser (Roche Diagnostics, 

Mannheim, Germany). For fertility hormones (AMH (Anti-muellerian hormone), 

testosterone, cortisol, thyrotropin, triiodothyronine and thyroxine, estrogen, SHBG (sexual 

hormone binding globulin), LH (luteotropic hormone) and FSH (follicle stimulating 
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hormone) automated analysers were used: AMH by Beckmann-Coulter, Krefeld, Germany; 

testosterone, cortisol, thyreotropin, thyroxine and triiodothyronine by Siemens ADVIA 

Centaur, Eschborn, Germany; estrogen, LH and FSH by Triturus, Biomedical Diagnostics, 

Antwerp, Belgium, 25(OH)vitamin D by iSYS, IDS, Boldon, U.K.) respectively. Samples 

for appetite hormones (Leptin and others) were centrifugated and stored at -80°C until 

analysis. 

All laboratory results were reviewed by the study physician, whether they were normal, 

abnormal but not clinically significant, or abnormal and clinically significant. In the latter 

case, the eligibility of the subject was reviewed. 

2.3.7 Continuous glucose monitoring – CGM 

Minimally invasive CGM devices monitored interstitial glucose levels during this study. 

While participants with CSII used their usual CGM device with established continuous 

insulin therapy, MDI patients were equipped with the FreeStyle Libre (Abbott, USA) as a 

standard. This system eliminates the need for routine finger pricks, reading glucose levels 

through a sensor that was worn on the back of the upper arm for up to 7-14 days. The 

sensor measures glucose every minute in interstitial fluid through a small (5mm long, 

0.4mm wide) filament that is inserted just under the skin and held in place with a small 

adhesive pad. In addition, no finger prick calibration was needed. 

After completion of both OGTTs CGM data was downloaded and interstitial glucose levels 

during the fasting periods and during the OGTTs were analysed. If the participants did not 

scan the sensor for 8 hours or longer, measured values were overwritten by the device and 

no data was available from this time period.  
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2.4 Objectives 

The aim of this study was to gain more knowledge about the glycaemic and hormonal 

processes in individuals with T1D during and after a prolonged fast by performing an 

OGTT. Besides, impact of prolonged fasting on anthropometric and metabolic parameters 

was analysed too. 

a) Primary objectives 

- Effects on 2-hour glucose in an OGTT after 12 and 36 hours of fasting  

o Mean plasma glucose at the fifth time point (=120 min) 

o AUC of plasma glucose levels of the first 120 minutes of OGTT 

b) Secondary objectives 

- Effects on glycaemic pattern during OGTT 

- Effects on hormones and β-hydroxybutyrate 

- Effects on body composition  

- Effects on resting energy expenditure 

- Effects on additional parameters of interest during the fasting and during the OGTT 

o e.g. time below/in/above range, hypoglycaemic episodes, daytime and 

nighttime fluctuations, impact of TDBD, …  

2.5 Statistical analysis 

All data were assessed for normal distribution by means of Shapiro-Wilk normality testing. 

Interstitial glucose levels during the fasting period were stratified for time below range 

level 2 (<54 mg/dL), time below range level 1 (54─70 mg/dL), time in range (70─180 

mg/dL), time above range level 1 (181─250 mg/dL) and time above range level 2 (>250 

mg/dL). Singular post-fasting measurements and area under the curve (AUC; trapezoidal 

rule) in comparison of overnight vs. prolonged fasting were assessed by means of paired t-

test or Mann-Whitney U test. Variables that were investigated over the course of the 

OGTT were compared between overnight vs. prolonged fasting via two-way ANOVA or 

mixed-model regressions (p ≤ 0.05). Additionally, courses of certain variables were 

compared after adjustment for baseline, which was defined as difference to the pre-OGTT 

value (0min). Multiple comparisons at specific time points of the OGTT (T1 to T7) were 

performed via post-hoc statistical analysis. For the sample size estimation, we assumed a 

difference in the 2h-glucose during the OGTT of 20 ± 25 mg/dL (1.1 ± 1.4 mmol/L) 

between 12 hrs and 36 hrs fasting. Based on a paired t-test (two-sided, alpha 5%, power 

90%), at least 19 participants were required to demonstrate the assumed difference.  
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3 Results  

3.1 Participant characteristics 

At the beginning 22 individuals with T1D were eligible for this study, of which one 

participant was excluded during the study and one participant was not able to complete the 

second trial visit until the deadline. In total 20 participants with the following mean ± SD 

characteristics (see Table 6) completed the trial.  

 

Table 6 Participant characteristics presented with mean ± standard deviation 

 

 

As well individuals using MDI therapy as individuals using CSII therapy were included in 

this study. The specific insulin analogue and the number of subjects using it as their 

standard therapy regime are listed below (see Table 7). 

 

 

MDI 

Bolus therapy 

Insulin Aspart (Novo Nordisk, DEN) 6 subj. 

Insulin Lispro (Eli Lilly, USA) 4 subj. 

Faster Insulin Aspart (Novo Nordisk, DEN) 1 subj. 

Basal therapy 
Insulin Degludec (Novo Nordisk, DEN) 5 subj. 

Insulin Detemir (Novo Nordisk, DEN) 6 subj. 

CSII bolus & basal therapy 
Insulin Lispro (Eli Lilly, USA) 2 subj. 

Insulin Aspart (Novo Nordisk, DEN) 7 subj. 

 

Table 7 Types of insulin therapy in this study and number of subjects using each therapy form 

 

Age 35 ± 11 years 

Sex 7 females 13 males 

Therapy form 11 MDI 9 CSII 

Height  1.75 ± 0.1m 

Weight 76.6 ± 13.5 kg 

Body mass index (BMI) 24.8 ± 2.8 kg/m2 

HbA1c 
54 ± 7 mmol/mol 

7.1 ± 0.6 % 

Diabetes duration 20 ± 11 years 

Total daily dose (TDD) 40 ± 14 IU 

Total daily basal dose (TDBD) 21.1 ± 5.3 IU 

TDBD/kg/day 0.28 ± 0.07 IU/kg/day 
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3.2 Primary objective 

3.2.1 Effects on 2-hour glucose during OGTT 

Mean 120min plasma glucose levels were similar in both trial arms (p = 0.73). Comparison 

of AUC during the first two hours of OGTT also showed no significant difference after 

prolonged fasting (p = 0.21). Mean and standard deviation of primary outcomes are 

detailed in Table 8 and illustrated in Figure 14. 

 

 

Figure 14 Comparison of 12h fasting vs. 36h fasting for mean plasma glucose at the 120th minute (left graph) 

and for AUC during the first 120 minutes of the OGTT (right graph)  

 

3.3 Secondary objectives 

3.3.1 Effects on 4-hour glycaemic pattern during OGTT 

In both trial arms plasma glucose levels increased significantly over the course of the 

OGTT (p < 0.0001). Overall, overnight fasting as well as prolonged fasting, presented 

similar plasma glucose courses (p = 0.68). When plasma glucose levels were adjusted for 

baseline, significant difference was found from the 120th minute on, while overall adjusted 

plasma glucose levels were not significantly different in comparison of both trial arms (p = 

0.14). Rate of change of plasma glucose levels during the OGTT was similar after 12 hours 

 12h fasting 36h fasting p 

Mean plasma glucose 

(at T5 = 120min) 

308 ± 91 mg/dL 313 ± 71 mg/dL 0.73 

AUC  

(T1;T5 = 0;120min) 

31823 ± 8557 29957 ± 5826 0.21 

Table 8 Effects on 2-hour glucose during OGTT; comparison of 12h fasting vs. 36h fasting  

Parameters shown with mean ± SD and p-values 
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and after 36 hours of fasting (p = 0.44). Multiple comparisons of rate of change presented 

significant difference at the fifth and sixth time point. Besides, rate of change was observed 

to be negative after two and a half hours into the OGTT, indicating decreasing plasma 

glucose levels after this time point. Details about multiple comparisons at specific time 

points can be seen in Table 9, while Figure 15 shows the course of plasma glucose levels 

during the OGTT. 

 

 T1 T2 T3 T4 T5 T6 T7 Overall 

PG *0.044 *0.042 *0.03 0.19 0.73 0.08 0.28 0.68 

Adj. PG >0.99 0.92 0.40 0.66 *0.03 *0.002 *0.005 0.14 

RCPG >0.99 0.54 0.36 0.16 *0.013 *0.025 0.47 0.44 

Table 9 Comparison of 12h fasting vs. 36h fasting; p-values for the course of plasma glucose levels (PG), for 

plasma glucose levels adjusted for baseline (Adj. PG) and for rate of change of plasma glucose levels 

(RCPG) during OGTT; comparison at specific time points T1 (0min), T2 (15min), T3 (30min), T4 (60min), 

T5 (120min), T6 (180min) and T7 (240min) during OGTT and overall over the course of the OGTT;  

* indicates significant difference between fasting groups 

 

 

 

Figure 15 Comparison of 12h fasting vs. 36h fasting for plasma glucose levels (A), for plasma glucose levels 

adjusted for baseline (B) and for RCPG (rate of change of plasma glucose levels) (C) during OGTT;  

means ± SD are pictured; * indicates significant difference between fasting groups 
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3.3.2 Effects on glycaemic variability and mean glucose during fasting 
and OGTT 

Interstitial glucose levels assessed by the CGM-devices gave detailed information about 

glycaemia during the fasting procedure as well as during the OGTT. Glycaemic variability 

was higher during the prolonged fast, though without significant difference (p = 0.065). 

Afterwards, over the course of the OGTT, glycaemic variability was similar (p = 0.41). 

Mean interstitial glucose levels were numerically lower during the prolonged fast (p = 

0.44) and similar during the OGTT afterwards (p = 0.84). Mean ± standard deviation of 

glycaemic markers are detailed in Table 10 and illustrated in Figure 16.  

 

 12h fasting 36h fasting p 

Glycaemic var. fasting 25 ± 10 % 31 ± 9 % 0.07 

Glycaemic var. OGTT  27 ± 12 % 29 ± 9 % 0.41 

Mean glucose fasting 138 ± 35 mg/dL 130 ± 17 mg/dL 0.44 

Mean glucose OGTT 257 ± 69 mg/dL 255 ± 53 mg/dL 0.84 

Table 10  Comparison of 12h fasting vs. 36h fasting for glycaemic variability and mean interstitial glucose 

levels; parameters are presented with mean ± SD and p-values 

 

 
Figure 16 Comparison of 12h fasting vs. 36h fasting for glycaemic variability (A, B) and mean glucose (C, 

D) during the fasting procedure and during the OGTT 

means ± SD are pictured 
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3.3.3 Effects on hormones and β-hydroxybutyrate during OGTT 

In addition, endocrine hormones regulating and interacting with glucose metabolism were 

analysed over the course of the OGTT. Proinsulin (p = 0.95) and C-peptide levels (p = 

0.70) acted similar in comparison of overnight to prolonged fasting, although C-peptide 

levels were non-significantly higher after the prolonged fast. Plasma levels of exogenously 

administered insulin (p = 0.80) were also similar in both trial arms. After an initial steep 

increase during the first 60 minutes of the OGTT, insulin concentration began to decline 

slowly until the end of the test. Glucagon levels were significantly higher in the first 120 

minutes after carbohydrate intake and aligned afterwards. Overall, glucagon levels were 

numerically higher after the prolonged fast, but not significantly different (p = 0.18). 

Overall cortisol levels also presented no significant difference after 36 hours of fasting (p = 

0.51). Comparison of proinsulin (p = 0.60), C-peptide (p = 0.54), insulin (p = 0.98), 

glucagon (p = 0.63) and cortisol courses (p = 0.77) were also similar when adjusted for 

baseline.  

However, β-hydroxybutyrate levels during the OGTT showed significantly higher 

concentrations after the prolonged fast (p = 0.012); especially in the first 120 minutes. 

Afterwards 36h-concentrations align with lower overnight fasting-concentrations. 

Significant difference was also observed after adjustment for baseline levels of β-

hydroxybutyrate (p = 0.012). 

Details about multiple comparisons at specific time points can be seen in Table 11, while 

Figure 17 shows the course of hormones and β-hydroxybutyrate during the OGTT. 

 

 T1 T2 T3 T4 T5 T6 T7 Overall 

C-peptide 0.88 0.53 0.31 0.32 0.97 0.33 0.11 0.70 

Proinsulin 0.49 0.57 0.22 0.77 0.97 0.77 0.66 0.95 

Insulin 0.36 0.59 0.51 0.47 0.33 0.41 0.97 0.80 

Glucagon 0.35 *0.045 *0.018 *0.01 *0.044 0.98 0.83 0.18 

Cortisol 0.18 *0.019 *0.022 0.48 0.45 0.34 0.42 0.51 

BHB *0.002 *0.001 *0.001 *0.003 *0.008 0.13 0.14 *0.012 

 

Table 11 Comparison of 12h fasting vs. 36h fasting; p-values for the course of C-peptide, proinsulin, insulin, 

glucagon, cortisol and β-hydroxybutyrate (BHB) during OGTT without adjustment for baseline; comparison 

at specific time points T1 (0min), T2 (15min), T3 (30min), T4 (60min), T5 (120min), T6 (180min) and T7 

(240min) during OGTT and overall over the course of the OGTT  

* indicates significant difference between fasting groups 
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Figure 17 Comparison of 12h fasting vs. 36h fasting for C-peptide (A), proinsulin (B), insulin (C), glucagon 

(D), cortisol (E) and β-hydroxybutyrate (F) during OGTT without adjustment for baseline;  

means ± SD are pictured; * indicates significant difference between fasting groups 
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3.3.4 Effects on Time in Range (TIR) 

During the fasting process and the OGTT interstitial glucose levels were continuously 

measured by CGM-sensors which participants were equipped with. This data provided 

calculation of time spent in certain glycaemic ranges. During the overnight fast and the 

prolonged fast, times spent in hyperglycaemia, normoglycaemia and hypoglycaemia were 

similar overall (p = 0.10). Also, over the course of the OGTT both trial arms presented no 

significant difference (p = 0.60) in matters of time above, in or below range. Afterwards 

multiple comparisons for each specific range were performed; during fasting as well as 

during OGTT no significant differences were observed in specific glycaemic ranges. 

Details about multiple comparisons can be seen in Table 13, while Figure 18 illustrates 

times spent in specific ranges. 

 

 TAR L2 TAR L1 TIR TBR L1 TBR L2 Overall 

Fasting 0.99 0.93 0.77 0.98 0.99 0.10 

OGTT >0.99 0.90 >0.99 0.96 0.99 0.60 

Table 12 Comparison of 12h fasting vs. 36h fasting; p-values for time spent in specific ranges during the 

fasting process and during the OGTT;  

TAR = time above range (L1 = level 1 = 181 – 250mg/dL; L2 = level 2 = above 250mg/dL) 

TIR = time in range (70 – 180mg/dL) 

TBR = time below range (L1= level 1 = 54 – 69mg/dL; L2 = level 2 = below 54mg/dL) 

 

 

 

 
 

Figure 18 Comparison of 12h fasting vs. 36h fasting for time spent in specific ranges during the fasting 

process (left graph) and during the OGTT (right graph)  

TAR = time above range (L1 = level 1 = 181 -250mg/dL; L2 = level 2 = above 250mg/dL) 

TIR = time in range (70 – 180mg/dL) 

TBR = time below range (L1= level 1 = 54 -69mg/dL; L2 = level 2 = below 54mg/dL) 

means ± SD are pictured 
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3.3.5 Effects on hypoglycaemic events 

Hypoglycaemia, defined as levels below 70mg/dL, occurred in both trial arms (overnight 

vs. prolonged fasting) and both conditions (fasting state and OGTT). Although 

hypoglycaemia occurred less frequent during the 36h-fast compared to the 12h-fast, no 

significant difference was observed during both fasting durations (p = 0.32). 

Hypoglycaemic events during the OGTT were also similar in both trial arms (p = 0.50) 

with five hypoglycaemic events after overnight fasting and three events after prolonged 

fasting; these three people had also an hypoglycaemic episode after 12h fasting. 

Ultimately, overall amount of hypoglycaemic events, including events during the fast and 

during the OGTT, were compared: Again, prolonged fasting led to less frequent 

hypoglycaemia but without significance (p = 0.21). Median [with interquartile range] of 

hypoglycaemic episodes per hour is detailed in Table 14 and illustrated in Figure 19. 

In detail median and interquartile range for interstitial glucose nadir was 60 mg/dL [48─68 

mg/dL] for the overnight fasting period and 63 mg/dl [58─68 mg/dL] for the prolonged 

fasting period (p = 0.35). In total 59% of episodes of hypoglycaemia required supplemental 

carbohydrates during the 12-hours fasting period (18 grams [15─24]) versus 71% during 

the 36-hours fasting period (25 grams [15─27]) (p = 0.55). Remaining episodes of 

hypoglycaemia, mainly occurring during the nighttime period were endogenously 

regulated.  

Hypoglycaemia / hour 12h fasting 36h fasting P 

Fasting 0.08 [0.00 – 0.17] 0.06 [0.03 – 0.08] 0.32 

OGTT 0.00 [0.00 – 0.19] 0.00 [0.00 – 0.00] 0.50 

Overall 0.06 [0.00 – 0.13] 0.05 [0.03 – 0.08] 0.21 

Table 13 Comparison of 12h fasting vs. 36h fasting; amount of hypoglycaemic events standardized per hour 

Parameters are presented with median [interquartile range] and p-values 

 

 
Figure 19 Comparison of 12h fasting vs. 36h fasting for overall hypoglycaemic events per hour, including 

events during fasting and OGTT; 

median with interquartile range is pictured 
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3.3.6 Effects on laboratory metabolic markers 

Laboratory analysis for different metabolic markers after 12-hour fasting and after 36-hour 

fasting resulted in significant difference for uric acid (p < 0.001), bilirubin (p = 0.002), 

triglycerides (p = 0.009), VLDL (p = 0.011), serum iron (p = 0.04), ferritin (p = 0.01), 

transferrin saturation (p = 0.02) and leptin (p = 0.006). Mean and standard deviation or 

median [with interquartile range] of metabolic markers are listed in Table 15. Graphs of 

significantly different markers are presented in Figure 20 and 21. 

  12h fasting 36h fasting p 

Uric acid*  (mg/dL) 4.16 ± 1.02 4.97 ± 1.10 <0.001 

Bilirubin*  (mg/dL) 0.85 [0.44 – 1.03] 1.07 [0.61 – 1.39] 0.002 

Triglycerides*  (mg/dL) 64 ± 18 80 ± 28 0.009 

Cholesterol  (mg/dL) 195 ± 32 201 ± 34 0.22 

HDL  (mg/dL) 73 ± 18 71 ± 20 0.36 

LDL (mg/dL) 102 ± 33 109 ± 32 0.14 

VLDL*  (mg/dL) 14 ± 4 17 ± 4 0.011 

Serum-Iron*  (µg/dL) 125 ± 54 101 ± 35 0.04 

Ferritin*  (ng/mL) 115 ± 67 135 ± 82 0.01 

Transferrin  (g/L) 2 [1.9 – 2.8] 2.2 [2 – 2.8] 0.14 

TFS* (%) 42 ± 22 32 ± 13 0.02 

Gastrin  (pg/mL) 77 [70 – 92] 84 [73 – 94] 0.97 

Leptin*  (ng/mL) 2.3 [1.7 – 3.9] 1.4 [1 – 3.3] 0.006 

Adiponectin  (µg/mL) 11.7 ± 4.5 11.2 ± 4.2 0.47 

Table 14 Comparison of 12h fasting vs. 36h fasting for metabolic markers 

Values are presented either with mean ± SD or median [interquartile range] at both trial visits before OGTT 

* indicates significant difference between fasting groups 

 

 
Figure 20 Comparison of 12h fasting vs. 36h fasting for uric acid (A) and bilirubin (B) levels 

mean ± SD (A) and median with interquartile (B) are pictured; significant difference in both comparisons 
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Figure 21 Comparison of 12h fasting vs. 36h fasting for triglycerides (A), very-low density lipoproteins (B), 

leptin (C), serum-iron (D), ferritin (E) and transferrin saturation (F) levels. 

mean ± SD (A,B, D, E, F) and median with interquartile (C) are pictured;  

significant difference in all comparisons 

 

3.3.7 Effects on body composition 

Bodyweight was significantly lower after prolonged fasting when compared to overnight 

fasting (p = 0.0002) resulting in a significantly lower BMI (p = 0.0001). Body cell mass (p 

= 0.73) and fatty mass (p = 0.26) were not significantly different after the prolonged fast, 

although fatty mass was reduced. Total body water (p = 0.46) was also similar at both trial 

visits with similar water consumption per hour (p = 0.27) during the fasting periods. Mean 

values with standard deviation are seen in Table 16 below and graphs illustrating 

differences are presented in Figure 22. 
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Table 15 Comparison of 12h fasting vs. 36h fasting for body composition  

BIA-parameters are presented with mean ± SD at both trial visits before OGTT 

* indicates significant difference between fasting groups 

 

 

 
Figure 22 Comparison of 12h fasting vs. 36h fasting for weight (A), fatty mass (B), body cell mass (C),  

BMI (D), total body water (E) and water consumption per hour (F); 

means ± SD are pictured; * indicates significant difference between fasting groups in particular comparison 

 12h fasting 36h fasting p 

Bodyweight* 76.7 ± 13.5 kg 75.4 ± 13.4 kg 0.0002 

BMI* 24.6 ± 2.8 kg/m2 24.2 ± 2.9 kg/m2 0.0001 

Body cell mass 29.9 ± 6.9 kg 30.3 ± 7,7 kg 0.73 

Fatty mass 20 ± 5.6 kg 18.4 ± 6.8 kg 0.26 

Total body water 40.2 ± 8.4 liters 39.7 ± 8.9 liters 0.46 

Water consumption 67.2 ± 38.7 ml/h 78.83 ± 24.65 ml/h 0.27 
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3.3.8 Effects on REE and metabolisation of macromolecules 

REE (p = 0.92) and protein metabolism (p = 0.64) were similar after prolonged fasting. 

Metabolisation of carbohydrates decreased significantly (p = 0.007), while fat oxidation 

increased remarkably (p < 0.001) resulting in a lower RQ (p < 0.001). Quality of steady 

state, which was used for calculation, showed no significant difference between both trial 

visits/measurements (p = 0.30). Mean and standard deviation of spirometry parameters are 

detailed in Table 17 and illustrated in Figure 23. 

 12h fasting 36h fasting p 

REE 2191 ± 357 kcal/d 2186 ± 349 kcal/d 0.92 

Protein oxidation 25 ± 4 g/d 25 ± 4 g/d 0.63 

Carbohydrate oxidation* 305 ± 98 g/d  215 ± 63 g/d 0.007 

Fat oxidation* 90 ± 40 g/d 130 ± 35 g/d < 0.001 

RQ*  0.87 ± 0.05 0.82 ± 0.03 < 0.001 

Quality of Steady State 62.8 ± 25.7 % 70 ± 23.5 % 0.30 

Table 16 Comparison of 12h fasting vs. 36h fasting during spirometry 

Spirometry-parameters are presented with mean ± SD at both trial visits before OGTT; *indicates signif. diff. 

 

 

Figure 23 Comparison of 12h fasting vs. 36h fasting for REE (A), RQ (B), Quality of Steady State (C) and 

metabolisation of macromolecules (D-F); means ± SD are pictured; * indicates significant difference 
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3.3.9 Comparison of daytime and nighttime 

Additionally, some parameters, like hypoglycaemic events per hour, mean glucose, 

glycaemic variability and time in range, were separated for daytime and nighttime 

comparison. Daytime was defined as an 18-hour time period from 6am to 12am, while 

nighttime lasted for 6 hours from 12am to 6am.  

- During the day (p = 0.14) as well as during the night (p = 0.22) overnight fasting had 

numerically more frequent hypoglycaemic events per hour than prolonged fasting, but this 

difference was not significant. Similarly, hypoglycaemia occurred more often during the 

day than in the night within both trial arms; again without significant difference (12hrs: p = 

0.31 and 36hrs: p = 0.47).  

- Participants had similar mean interstitial glucose levels in overnight compared to 

prolonged fasting during the day (p = 0.56) and during the first night (p = 0.99). However, 

the second night in prolonged fasting was associated with significantly lower mean 

interstitial glucose levels compared to the night of 12-hours fasting (p = 0.05) and first 

night of 36-hours fasting (p = 0.021). Direct comparison of day- to nighttime mean glucose 

within the trial arms showed similar values during overnight (p = 0.90) and prolonged 

fasting (p = 0.22). 

- Other than that, prolonged fasting led to numerically higher glycaemic variability during 

the day (p = 0.11) and significantly higher glycaemic variability during the night (p = 

0.012) when compared to overnight fasting. Besides, nighttime glycaemic variability was 

significantly lower than daytime values in each trial arm (12hrs: p = 0.04; 36hrs: p = 0.04). 

- Time spent in normoglycaemia was numerically but not significantly higher in prolonged 

fasting with daytime values (p = 0.14) and nighttime values (p = 0.72) being similar to 

overnight fasting values. In both trial arms time in normoglycemic range was slightly 

higher in the night than during the day (12hrs: p = 0.32; 36hrs: = p = 0.48). Details about 

mean ± standard deviation or median [with interquartile range] of each parameter can be 

seen in Table 18, while p-values of each comparison are presented in Table 19. Graphs of 

each comparison are illustrated in Figure 24 and Figure 25.  

Graphs illustrating mean interstitial glucose courses during both fasting periods can be 

seen in Figure 26. 
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 12h Daytime 36h Daytime 12h Nighttime 36h Nighttime 

Hypos/h 0.0 [0.0 – 0.17] 0.04 [0.04 – 0.08] 0.0 [0.0 – 0.17] 0.08 [0.0 – 0.08] 

Mean glc. 138 ± 39 mg/dL 131 ± 17 mg/dL 139 ± 46 mg/dL 126 ± 23 mg/dL 

Glyc. var. 25 ± 12 % 31 ± 9 % 16 ± 12 % 27 ± 10 % 

TIR 69 ± 27 % 79 ± 14 % 75 ± 32 % 81 ± 17 % 

Table 17 Comparison of 12h fasting vs. 36h fasting during daytime vs. nighttime for hypoglycaemia per 

hour (hypos/h), mean interstitial glucose levels (mean glc.), glycaemic variability (glyc. var.) and time spent 

in normoglycaemia (TIR);  

Parameters are presented either with median [interquartile range] or mean ± SD 

 

 

 12h Daytime  36h Nighttime 

12h Nighttime 0.31 | 0.90 | 0.04* | 0.32 36h Daytime 0.47 | 0.22 | 0.04* | 0.48 

36h Daytime 0.14 | 0.56 | 0.11 | 0.14 12h Nighttime 0.22 | 0.34 | 0.01* | 0.72 

Table 18 p-values for each comparison; from left to right p-values of hypoglycaemia per hour, mean 

interstitial glucose, glycaemic variability and time spent in normoglycaemia are listed 

“Hypos/h | mean glc | glyc. var. | TIR”; * indicates significant difference in particular comparison 

 

 
 
Figure 24 Comparison of 12h fasting vs. 36h fasting during daytime vs. nighttime for hypoglycaemia per 

hour (A), mean interstitial glucose levels (B), glycaemic variability (C) 

median with interquartile (A) & mean ± SD (B, C) are pictured; * indicates signif. diff. between Day & Night 
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Figure 25 Comparison of 12h fasting vs. 36h fasting during daytime vs. nighttime for time spent in 

normoglycaemia (A) and time spent in specific ranges (B) 

TAR = time above range (L1 = level 1 = 181 -250mg/dL; L2 = level 2 = above 250mg/dL) 

TIR = time in range (70 – 180mg/dL) 

TBR = time below range (L1= level 1 = 54 -69mg/dL; L2 = level 2 = below 54mg/dL) 

means ± SD are pictured 

 

 

 

Figure 26 Interstitial plasma glucose courses during fasting 

values assessed during 12h and 36h fasting assessed by CGM-devices; colored area presents SD, while the 

line presents mean values at every time point; graph begins at 7pm (1h before starting the fast) 
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3.3.10 Relevance of Total Daily Basal Dose (TDBD) 

For both trial arms, the basal insulin rate per hour was similar for CSII (12 hrs fasting: 0.92 

± 0.18 IU/hr vs. 36 hrs fasting: 0.88 ± 0.24 IU/hr, p = 0.33) and identical for MDI (for both 

trial arms: 0.82 ± 0.22). Eventually, occurrence of overall hypoglycaemic events was 

stratified for a TDBD of over 0.25 units insulin per kilogram bodyweight. Participants 

using a higher level of TDBD (11 subjects) showed no significant difference in the short 

fasting group (p = 0.54), but a significantly higher number in hypoglycaemic events in the 

prolonged fasting group (p = 0.009), when compared to participants using a lower level of 

TDBD (9 subjects). Difference between participants administering more than 0.25 units of 

insulin were also significant in a direct comparison of 12- vs. 36-hours fasting (p = 0.008). 

Details about mean ± standard deviation and p-values are presented in Table 20, while 

Figure 26 shows the according graph. 

 

 TDBD ≤ 0.25 IU/kg TDBD > 0.25 IU/kg p (≤ 0.25 vs > 0.25) 

12h fasting 1 ± 1.1 event(s) 1.3 ± 1 event(s) 0.54 

36h fasting 1.3 ± 0.9 event(s) 2.5 ± 0.9 events 0.009* 

 

Table 19 Comparison of 12h fasting vs. 36h fasting for hypoglycaemic events stratified for participants 

injecting a TDBD of ≤ 0.25 IU per kg vs. > 0.25 IU per kg; overall hypoglycaemic events (including fasting 

period and OGTT) 

means ± SD are presented; * indicates significant difference between TDBD groups 

 

 

 
Figure 27 Comparison of 12h fasting vs. 36h fasting stratified for participants injecting a TDBD of ≤ 0.25 IU 

per kg vs. > 0.25 IU per kg 

means ± SD are pictured; * indicates significant difference between TDBD groups in the 36h-fasting group 

 



 

 51 

3.3.11 Pre-OGTT bolus insulin dose 

For the OGTTs, exactly the same dose of bolus insulin was applied (6 ± 2 IU) in both trial 

arms. Participants were asked for their general usual bolus insulin dose per bread unit 

(BI/BU) at the screening visits. At the trial visits BI/BU was corrected individually by the 

study leader and differed significantly from usual BI/BU (p < 0.0001). On the other hand, a 

reduction of usual BI/BU by a third would have been similar to the corrected BI/BU (p = 

0.48). Also, a reduction of BI/BU by a third would have resulted in lower bolus insulin 

administration in those cases, where hypoglycaemia occurred during the OGTT. 

Alternatively, also BI/BU calculated via CarbFactor (see Figure 13) would have been 

similar to corrected BI/BU (p = 0.09). Details about applied bolus insulin dose and others 

are given in Table 21, while graphs with median and interquartile range are presented in 

Figure 27. 

 

 Median [IQR] p 

corrected/given BI/BU 0.8 [0.73 – 1.25] –  

usual BI/BU 1.2 [1.03 – 1.68] < 0.0001* 

66% of usual BI/BU 0.8 [0.7 – 1.1] 0.48 

CarbF BI/BU 1.1 [0.8 – 1.28] 0.09 

Table 20 Comparison of corrected/given bolus insulin dose per bread unit (BI/BU) to usual BI/BU, to usual 

BI/BU reduced by a third and to BI/BU calculated via CarbFactor-formula  

median [with interquartile range] is presented; * indicates significant difference compared to given BI 

 

 

 
Figure 28 Comparison of corrected/given bolus insulin dose per bread unit (BI/BU) to usual BI/BU, to usual 

BI/BU reduced by a third and to BI/BU calculated via CarbFactor-formula  

median [with interquartile range] is presented; * indicates significant difference compared to given BI 
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4 Discussion 
According to the WHO, incidence rates of obesity have tripled since 1975 and high BMI is 

classified as a major risk factor for cardiovascular, metabolic, musculoskeletal, and even 

neoplastic diseases (76). Additionally, during follow-up of DCCT-participants in the EDIC 

study, excessive weight gain was associated with insulin resistance and atherosclerosis 

(98). Contrary to widespread belief, prevalence of obesity and overweight in the population 

with T1D is equivalent to prevalence in general population (99). Therefore, maintaining 

healthy bodyweight is also of great importance in people with T1D. For this, mostly 

physical activity and balanced diet are recommended. Nevertheless, in recent years, 

alternative strategies with the aim of weight loss without continuous caloric restriction 

have been established in form of intermittent fasting.  

To the best of our knowledge, this is the first study to investigate the glycaemic and 

hormonal processes in people with T1D during and after a prolonged fast by performing an 

Oral Glucose Tolerance Test. Although some Ramadan-studies addressed the problem of 

fasting with T1D, none of these assessed glucose metabolism after breaking the fast. 

Therefore, this study provides important information for health care providers and affected 

individuals when people with T1D plan to fast for a prolonged period.  

4.1 Plasma glucose courses after breaking prolonged fasting 

In our primary objectives, no significant differences were found between overnight and 

prolonged fasting; mean and area under the curve of plasma glucose levels during OGTT 

were similar in both trial visits. Likewise, additional analyses of the glycaemic pattern 

(Tab. 9 and Fig. 15) during OGTT presented similar plasma glucose courses overall. 

However, when adjusted for baseline prolonged fasting was associated with higher blood 

sugar from the second hour on; mean difference between 12h and 36h fasting was even 

46mg/dl three hours after carbohydrate intake (see Figure 15 → B). In both trial arms, 

negative RCPG values indicate similarly decreasing plasma glucose levels shortly after the 

120th minute of OGTT, most likely due to maximum pharmacodynamic of administered 

bolus insulin. Additionally, mean glucose, glycaemic variability, and time spent in specific 

ranges were comparable during the OGTT after a 12h and 36h fast.  

In sum, glycaemic pattern were similar in both trial arms without any safety relevant 

difference. In our initial hypothesis, we assumed that glycogen storages might deplete, and 

insulin sensitivity might increase in individuals with T1D, who fast for 36 hours. 

Eventually, this would lead to hypoglycaemia after the first high caloric intake if bolus 
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insulin dose was same as after overnight fasting. Results of this study, however, proved 

that plasma glucose courses and parameters are similar in prolonged fasting and usual 

overnight fasting, although same amount of bolus insulin was administered at the first high 

carbohydrate intake.  

4.2 Role of endocrine hormones 

Endocrine hormones during OGTT were also analysed to detect probable reasons, why 

both trial arms had similar glycaemic excursions. Interestingly, C-peptide levels were non-

significantly higher in the 36h fasting group reflecting minimal endogenous insulin 

production. Nonetheless, C-peptide levels were clearly below physical postprandial C-

peptide levels (29) and produced amount of endogenous insulin was negligible, with 

insulin levels being similar in both trial arms. Every participant received their individual 

bolus insulin dose at both trial visits, also pharmacodynamic and pharmacokinetic of 

exogenously administered bolus insulin was similar in both trial visits (see Fig. 17 → C). 

Therefore, alternations in insulin sensitivity and insulin bioavailability would have resulted 

in different plasma glucose courses during the OGTT, which was not the case. Cortisol 

levels were also similar in 36h and 12h fasting. As expected, cortisol levels decreased 

continuously during the 4-hour duration of the OGTT, most probably due to circadian 

rhythm (100). Interestingly, instead of decreasing glucagon values we observed an increase 

in glucagon secretion right after the carbohydrate-intake. According to Hare et al. this 

inappropriate glucagon response is seen in T1D after oral administration of carbohydrates, 

but not after intravenous infusion, suggesting paradoxical gastrointestinal pathways 

inducing glucagon secretion in T1D (101). Although, overall glucagon courses were 

similar in both trial arms, glucagon levels in the prolonged fasting group were significantly 

higher in the first two hours after carbohydrate intake during the OGTT. Therefore, we 

assume that prolonged fasting triggers inappropriate glucagon secretion after oral 

carbohydrate-intake. This also might be the answer, why adjusted plasma glucose levels 

were higher in the 36h fasting group.  

4.3 Glycaemia during the fasting period 

Using data from the CGM devices, we also had an insight about certain glycaemic 

parameters during the fasting period, such as mean glucose, glycaemic variability, and time 

in specific ranges. Neither one of these parameters presented significant differences 

between overnight and prolonged fasting. As expected, mean glucose was numerically 

lower during the 36h fast, mostly due to the low glucose levels at the second half of 
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fasting. Similar decreases in fasting glucose levels in intermittent fasting were described by 

Cho et al. (84). Nevertheless, in both trial arms mean glucose was within normoglycemic 

range with values slightly below 140mg/dL equivalent to a HbA1c of 6.5%. 

Glycaemic variability increased noticeably but not significantly from mean 26% (12h) to 

31% (36h), although glucose courses seemed similarly homogenous in both fasting periods 

(see Fig. 26). Elevated glycaemic variability reflects high interquartile range within the fast 

and should not be underestimated since it is a predictor for hypoglycaemia (102,103). 

According to Monnier et al., the threshold for stable glycaemic variability is defined as 

≤36% (104). Therefore, variability in glucose courses during prolonged fasting are stable, 

though numerically elevated compared to overnight fasting.  

In both trial arms, time spent in normoglycemic range was above 70% as recommended by 

the American Diabetes Association (63); 73% in 12h fasting and 80% in 36h fasting. 

Percentages of time spent above glycaemic range as well as time spent below glycaemic 

range decreased numerically during prolonged fasting in favour of time spent in range (see 

Fig. 18). This is from relevance since previous studies have demonstrated that every 10% 

increase in time in range results in a 0.6 to 0.8% decrease in HbA1c (64,65). Although non-

significant, this improvement in euglycaemia without further dysglycaemia is exemplary 

for the feasibility and benefits of prolonged fasting with T1D.  

4.4 Risk for hypoglycaemia during and after prolonged fasting 

One of the most relevant questions answered with this study is if incidence of 

hypoglycaemia increases during prolonged fasting and after the first high energy intake. 

OGTTs were discontinued five times after 12h fasting and three times after 36h fasting. 

Neither during the fast nor during the following OGTT, prolonged fasting led to significant 

differences compared to overnight fasting. Detailed analysis presented even lower 

hypoglycaemia rates per hour in the 36h fasting group (see Tab. 14 and Fig. 19). For 

comparison: overall hypoglycaemia per hour, including the fast and the OGTT, was 0.06 in 

12h fasting and 0.05 in 36h fasting. This translates into one hypoglycaemic event every 

16.6 hours in overnight fasting, while prolonged fasting leads to one hypoglycaemic event 

every 20 hours. On the other hand, hypoglycaemia occurring during the 12h fast required 

numerically less supplemental carbohydrates than the 36h fast: In numbers, 59% of 12h 

fasts needed a mean of 18gr versus 71% of 36h fasts needing a mean of 25gr of 

carbohydrates. In summary, prolonged fasting leads to less frequent hypoglycaemia, but 

the hypoglycaemic events that do occur are more likely to require (a higher amount of) 

carbohydrates. These findings are contrary to recommendations of some previous studies, 
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where people with T1D are classified as a very high-risk group for prolonged fasting due 

to a higher incidence of hypoglycaemia (5,93).  

The question arises, why T1D is believed to trigger hypoglycaemia in prolonged fasting, 

while incidence for hypoglycaemia even had a numerical decrease in our study: As known, 

T1D is characterized by lack of endogenous insulin production, while catabolic hormones 

do function. Therefore, when people with T1D pause insulin administration at all, 

hyperglycaemia would be the more anticipated dysglycaemic excursion. During a fasting 

period, bolus insulin is redundant, while individual basal insulin is needed to prevent 

hyperglycaemic ketoacidosis. Without physical exercise and without bolus insulin 

administration, hypoglycaemia in our prolonged fast is more likely to result from excessive 

concentrations of basal insulin (see chapter 4.9) or possibly increased sensitivity to first 

administration of bolus insulin. First, basal insulin dose was the same in MDI treated 

participants and similar in CSII treated participants in both trial arms; therefore, this was 

not the reason for decreasing hypoglycaemia incidence in 36h fasting. Second, according 

to similar glucose courses during the OGTTs, an increased sensitivity to insulin after 

prolonged fasting is not the case. This is in line with observations of Salgin et al., who 

described reductions – rather than an increase – of insulin sensitivity in a 24h fast in 

healthy adults (105). Ultimately, a decrease in insulin sensitivity and the absence of bolus 

insulin might be reasons why prolonged fasting had numerically more time spent in 

normoglycaemia and numerically less hypoglycaemic events per hour.  

4.5 Impact on metabolism of specific macromolecules 

Spirometry presented similar REE in both trial arms with protein metabolism being 

unchanged. However, as expected, 36 hours of fasting lead to a significant decrease in 

carbohydrate metabolism, while fat oxidation rose significantly from mean 90g/d to 

129g/d. This effect is called “metabolic switch” and represents the main goal of 

intermittent fasting: depleting glycogen storages to induce fat oxidation, while maintaining 

muscle mass (106). These findings are in line with our laboratory results, where we 

observed significantly higher β-hydroxybutyrate-levels after the prolonged fast (see Fig. 17 

→ F) proving the shift to lipolysis. After breaking the fast, ketone levels subsequently 

decreased similarly to Fig. 7 (66). Maximum ketone level was 0.5 mmol/l after the 36h 

fast, which still represents normal ketone levels according to the classification of diabetic 

ketoacidosis from the British NHS (107). To sum up, prolonged fasting in people with T1D 

led to controlled fat oxidation without pathologically high levels of β-hydroxybutyrate if 

basal insulin was maintained.  
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4.6 Intermittent fasting and weight loss 

Participants in our study had 1.3kg less mean bodyweight after the 36h fast, which 

represents a significant weight loss. Of course, the question arises, which compartments 

diminished during the prolonged fast. As described above, the goal of intermittent fasting 

is to lose weight in form of fat without losing muscle mass. We observed a numerical but 

not-significant decrease in fatty mass from 20kg to 18.4kg. Meanwhile body cell mass – 

representing muscle mass in a certain way – had no decrease at all. These results are in line 

with previous findings, where intermittent day fasting significantly reduced fatty mass 

(80,84), while fat free mass was preserved (81,108). However, like Heilbronn et al. (68), 

we recommend adding a small meal to the fast during prolonged fasting periods, to prevent 

reduction in muscle mass if intermittent fasting is performed on a regular basis. 

Additionally, to avoid any bias, we instructed our participants to drink similar amounts of 

water in both fasting states. We observed comparable water consumption per hour as well 

as comparable total body water in both trial arms. Therefore, our findings indicate that 

weight loss is neither due to dehydration nor due to loss in muscle, mass rather decreases 

in fatty mass. If people with T1D desire improvements in body composition, prolonged 

fasting is a proven way to reduce bodyweight while maintaining lean mass. 

4.7 Laboratory differences after prolonged fasting 

Laboratory differences were mainly based on the metabolic shift from carbohydrate 

metabolism to fat oxidation: The higher requirement for lipids by peripheral tissue is 

reflected in significant increases of triglycerides and VLDL, as well as numerical increase 

of LDL in the serum. HDL, on the other hand, presented no difference. Common 

description of LDL as “bad cholesterol” and HDL as “good cholesterol” is not appropriate 

in this setting. Since LDL transports cholesterol from the liver to the peripheral tissue and 

HDL acts the opposite direction, an increase of LDL is needed and usual in fat metabolism 

(109). 

Additionally, fat metabolism led to a decrease in uric acid excretion by the kidney in the 

presence of elevated ketones; ultimately resulting in higher uric acid levels after the 36h 

fast. Other than that, leptin, which is proportional to fat mass and inversely regulates 

sensation of hunger (110), decreased significantly after prolonged fasting. This decrease of 

leptin is in line with reduced fatty mass and increased appetite.  

Hyperbilirubinemia, as it was observed previously (111), was also present in this study, 

probably resulting from reduced hepatic bilirubin clearance (112). In terms of iron 

metabolism, serum-iron and ferritin were higher after the 36h fast. Similar results were 
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described in previous studies after ≥12 hours of fasting (113).  

To sum up, changes in laboratory parameters were either results of lipid metabolism or 

previously observed reactions to prolonged food deprivation.  

4.8 Circadian variation in glycaemia & nocturnal hypoglycaemia 

Comparison of daytime, defined as 6am to midnight, and nighttime, defined as midnight to 

6am, led to additional information about glycaemic parameters. For example, nocturnal 

occurrence of hypoglycaemia needed to be answered, since more than half of severe 

hypoglycaemia were recorded during the sleep in the Diabetes Control and Complications 

Trial (114). In our study, however, nocturnal hypoglycaemia was not significantly 

increased by prolonged fasting (nor by overnight fasting). Besides, time in normoglycemic 

range and mean glucose values were comparable during daytime and nighttime in both trial 

arms. Only glycaemic variability presented diurnal variation with significantly lower 

values during the nighttime in both, 12h and 36h fasting (see Table 18, Fig.24 → C). 

Rodbard et al. observed that elevated glycaemic variability is directly proportional to risk 

for hypoglycaemia (103). Therefore, the nocturnal improvement in glycaemic variability 

lowers risk for hypoglycaemic events. Monnier et al. defined a glycaemic variability of 

≤36% as stable glycaemia (104). According to these thresholds, participants of this study 

had stable glycaemia during the day as well as during the night.  

These findings indicate that prolonged fasting can be performed without any specific 

precautions during the night if glucose levels were stable during the day. Even further, it 

seems that nighttime fasting periods are less likely to result in dysglycaemia. This fact 

might be relevant and comforting for health care providers and people with T1D if they are 

afraid of nocturnal hypoglycaemia during prolonged/intermittent fasting.  

4.9 Relevance of TDBD in hypoglycaemia  

As discussed above (see chapter 4.4.), we assume that hypoglycaemia in fasting type 1 

diabetics is mainly triggered by exogenously administered insulin. In this study, individual 

basal insulin dose was administered as usual during the fasting process, while bolus insulin 

was not needed. As a further consequence, we hypothesized that TDBD was the main 

trigger factor for hypoglycaemia in this setting. For this, we stratified TDBD for kilograms 

of bodyweight and set a limit at 0.25 IU/kg similar to a previous study by Strich et al., 

where the limit was set at 0.2 IU/kg (115). As described by Strich et al., participants who 

were treated with higher amounts of basal insulin had significantly more hypoglycaemic 

events in prolonged fasting (during the fast and the OGTT). Mean amount of 



 

 58 

hypoglycaemia was almost twofold in subjects administering a TDBD of >0.25 IU/kg 

bodyweight. Interestingly, this significant difference was not observed in the overnight 

fasting group, where high and low TDBD led to similar amounts of hypoglycaemic events. 

Eventually, this means that high levels of TDBD, which might be tolerated and masked in 

overnight fasting, can lead to hypoglycaemia in prolonged fasting. This result is highly 

relevant for people with T1D treated with a TDBD of >0.25 IU/kg; because they might be 

misled in thinking that they can perform prolonged fasting without adverse effects after 

having performed an unproblematic overnight fast. Therefore, TDBD should certainly be 

assessed before individuals with T1D attend intermittent fasting.  

Given the fact, that a single prolonged fast unmasked too high TDBD in some of our 

participants, the widespread and generalized belief of 50 to 60% basal need and 40 to 50% 

prandial/bolus need (31) should be reconsidered. This is underlined by studies, where 

lower amounts of TDBD (about 30% of TDD) are sufficient to maintain normoglycaemic 

HbA1c (116,117). In fact, a custom-tailored basal insulin calculation respecting influences, 

like physical activity and stress, would be more appropriate.  

4.10 Selective reductions of basal insulin rates in CSII  

While high amounts of TDBD result in hypoglycaemia during prolonged fasting, a certain 

threshold of basal insulin is needed since excessive cuts in basal insulin can lead to 

diabetic ketoacidosis (92,93). Although, a lowering of up to 25% was allowed for 

individuals using CSII, only a reduction of approximately 4% was sufficient to prevent 

hypoglycaemia. These results are contrary to previous recommendations emphasizing an 

initial cut of basal insulin rates of 10% to an extent of as much as 90% towards the end of 

the fasting day (118). Similarly, Aldasouqi et al. recommend 10% to 30% less basal insulin 

rates for fasting periods in people with diabetes (119). However, our findings suggest that 

selective reduction of up to 10% is sufficient to prevent hypoglycaemia, and at the same 

time this reduction is not to excessive since ketone levels were physiological in our study.  

4.11 Amount of bolus insulin when breaking the fast 

Since we anticipated elevated insulin sensitivity in people with T1D breaking a prolonged 

fast, we reduced the bolus insulin dose for safety reasons. Contrary to our assumption 

glucose excursions were the same in OGTTs of both trial arms, suggesting that insulin 

sensitivity is similar after a 36h fast compared to an overnight 12h fast. Inappropriately 

elevated glucagon secretion (see Fig. 17 → D) after carbohydrate intake even seems to 

play a protective role against hypoglycaemia in people with T1D (101). Given these facts, 
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there is no inevitable need for reduction of bolus insulin dose at the first meal intake. 

Indeed, evaluation and reduction of TDBD seems to be more important than lowering 

bolus insulin in preventing hypoglycaemia.  

Nevertheless, if people with type 1 diabetes attend prolonged fasting for the first time, we 

would still recommend adequate reduction of first bolus insulin dose for safety aspects. For 

this purpose, ratio of usually applied bolus insulin doses per day and usually applied bread 

units per day (usual BI/BU) should be reduced by a third. In our study, this resulted in a 

median of 0.8 IU of applied bolus insulin per bread unit, which is similar to the corrected 

bolus insulin by our health professionals. After performing a prolonged fast without 

adverse effects, usual bolus insulin doses can be applied when breaking future fasts.  

4.12 Limitations of this study 

We are aware that our study has certain limitations: For example, our sample size of 20 

participants – although cross-over styled – is not large enough to extrapolate on the general 

population with T1D. In addition, a single 36h fasting period might not provide enough 

certainty to anticipate safety and efficacy of prolonged fasting in people with T1D. We do 

also admit that individuals participating in this study are rather well controlled type 1 

diabetics, which is why these results cannot be simply adapted to every individual with 

T1D. Nevertheless, observed results present relevant information as a proof of concept for 

further research on prolonged fasting in this study population.  

Besides, we did not randomize study participants to the sequence of overnight and 

prolonged fasting. For safety purposes, 12h fasting was always followed by 36h fasting a 

few days later. This way, if hypoglycaemia occurred during overnight fasting, we were 

able to adapt insulin therapy before participants attended prolonged fasting. Another 

limitation of this study might be the fact that participants using CSII were allowed to 

reduce basal insulin rates to a certain amount, while participants with an MDI regime did 

not have this option. Nevertheless, basal insulin rate per hour was only lowered about 4% 

and was similar during both trial arms in CSII participants; therefore, this aspect had no 

significant impact on observed results. Other than that, status of menstrual cycle in female 

participants was not assessed, which might have an impact on certain results.  
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5 Conclusion 
 

In conclusion, weight loss while maintaining lean muscle mass is achievable for people 

with type 1 diabetes by practicing prolonged intermittent fasting. When they break their 

prolonged fast, plasma glucose courses show no statistical difference compared to 

overnight fasting. Also, incidence for hypoglycaemic events after the first meal of 36h 

fasting were similar; most probably due to paradox prandial glucagon response or 

decreased insulin sensitivity. Therefore, reductions of usual bolus insulin dose with the 

first carbohydrate intake after the prolonged fast are not necessarily required. Total daily 

basal dose, however, should be evaluated before since TDBD >0.25 IU/kg bodyweight was 

associated with higher amounts of hypoglycaemic events. On the other hand, there is no 

need for excessive cuts in basal insulin dosage over 10 to 20% so that diabetic ketoacidosis 

can be prevented. 

Considering the results of this study and recommendations of other authors, prolonged 

fasting can be safely performed in people with type 1 diabetes as long as they are informed 

and educated about special aspects of prolonged fasting.  
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